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The present invention relates to a novel nzyme, and preparation and us s thereof. More particularly, the 
present invention relates to an enzyme which converts maltos into trehalos or conv rts trehalose into mal- 
tose (hereinafter designated as "maltose-trehalose converting enzyme"), as well as to preparation thereof. The 
present invention further relates to a microorganism capable of producing the enzyme, trehalose prepared with 

5 the enzyme, saccharide compositions containing the trehalose, and compositions containing the trehalose or 
the saccharide composition. 

Trehalose or a, a-trehalose has been known as a non-reducing saccharide consisting of glucoses. As is 
described in Advances in Carbohydrate Chemistry, Vol.18, pp.201-225 (1963), published by Academic Press, 
USA, and Applied and Environmental Microbiology, Vol.56, pp.3,21 3-3,21 5 (1990), trehalose widely exists in 

10 microorganisms, mushrooms, insects, etc., though the content is relatively low. Trehalose is a non-reducing 
saccharide, so that it neither reacts with substances containing amino groups such as amino acids and proteins, 
induces the amino-carbonyl reaction, nor deteriorates amino acid-containing substances. Thus, trehalose can 
be used without a fear of causing an unsatisfactory browning and deterioration. Because of these, the estab- 
lishment of an industriai-scale preparation of trehalose has been in great demand. 

15 Conventional preparations of trehalose are, for example, those disclosed in Japanese Patent Laid-Open 

No.154,485/75 wherein microorganisms are utilized, and in Japanese Patent Laid-Open No.21 6,695/83 where- 
in maltose Is converted Into trehalose by the combination use of maltose- and trehafose-phosphorylases. The 
former, however, is not suitable for the industrial-scale preparation because the content of trehalose present 
in microorganisms as a starting material is usually lower than 15 w/w % (the wording "w/w %" is abbreviated 

20 as in the specification, unless otherwise specified), on a dry solid basis (d.s.b.), and the extraction and 
purification steps are complicated. The latter has the following demerits: (i) Since trehalose is formed via glu- 
cose- 1 -phosphate, the concentration of maltose as a substrate could not be set to a satisfactorily high-level; 
(ii) the enzymatic reaction systems of the phosphorylases are reversible reactions, and their yields of the ob- 
jective trehalose are relatively low; and (Hi) it Is substantially difficult to retain their reaction systems stably 

25 and to proceed their enzymatic reactions smoothly. Therefore, the aforesaid conventional preparations could 
not be used as an industrial-scale preparation. 

It is known that partial starch hydrolysates, prepared from a material starch such as liquefied starch, dex- 
trins and maltooiigosaccharides, usually exhibit a reducing power because of their reducing end groups. The 
reducing power is generally expressed by "Dextrose Equivalent(DE) value" based on the dry weight It is known 

30 that among reducing partial starch hydrolysates those with a relatively-high DE value generally have a con- 
siderably-low molecular weight and viscosity, as well as a relatively-high level of sweetness and reactivity, and 
readily react with substances having amino groups such as amino acids and proteins to cause an unsatisfactory 
browning, smell and deterioration of their quality. Since the properties of reducing partial starch hydrotysates 
are varied dependency on their DE values, the relationship between reducing partial starch hydrolysates and 

35 their DE values is significant It has been even believed impossible to break away the relationship in this field. 

As regards the preparation of trehalose, it Is reported in the column titled "Oligosaccharides" in the chapter 
of "Current Status of Starch Application Development and Related Problems'' in "Food Chemicals", No.88, 
pp.67-72 (August. 1992) that "In spite of a wide applicability of trehalose, the enzymatic preparation via a direct 
saccharide-transfer reaction or a hydrolytic reaction has been reported to be scientifically almost impossible 

40 in this field" Thus, the preparation of trehalose by an enzymatic reaction using starch as a material has been 
deemed scientifically very difficult. 

The present inventors, however, had changed this common sense and succeeded to establish a prepara- 
tion of trehalose as disclosed in Japanese Patent Application No.362,131/92 wherein trehalose is directly pro- 
duced from non-reducing partial starch hydrolysates by allowing glucoamylase together with a non-reducing 

45 saccharide-forming enzyme capable of forming non-reducing saccharides, having a trehalose structure as an 
end unit and having a degree of glucose polymerization of 3 or higher, to act on reducing partial starch hydrol- 
ysates having a degree of glucose polymerization of 3 or higher, prepared from a material starch. The method, 
however, requires 2 or more types of enzymes and employs as a material a relatively-high molecular weight 
amylaceous saccharide having a degree of glucose polymerization of 3 or higher as well as a relatively-high 

so viscosity. In addition, the saccharide composition of the resultant product is considerably complicated, and this 
may result in a high production cost Therefore, the establishment of a novel preparation of trehalose in which 
trehalose is formed from maltose and partial starch hydrolysates having a degree of glucose polymerization 
of 2, both of which are industrially produced, stably supplied and commercially available. 

The present invention alms to provide a maltose-trehalose converting enzyme which converts an indus- 

55 trially producibl and stably suppliable maltose into trehalose and to provide a novel preparation and uses of 
trehalose and a saccharide composition containing the trehalose prepared with the enzyme. 

Th pres nt inventors have xtensively sere ned microorganisms capabl of producing a novel sacchar- 
ide-converting enzym which forms trehalose from maltose. As a result, we found that a microorganism of the 
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genus Pimetobacter, i. . Pimelobacter sp. R48, isolated from a soil in Okayama-city, Okayama, Japan; a mi- 
croorganism of the genus Pseudomonas, i.e. Pseudomonas putida H262, isolated from a soil in Nishinomiya- 
city, Hyogo, Japan; and a microorganism of th genus Th rmus form a novel maltose-trehatos converting 
enzyme which converts maltose into trehalose, and established a preparation of trehalose and a saccharide 
5 composition containing the trehalose, as well as compositions such as food products, cosmetics and pharma- 
ceuticals containing the trehalose or the saccharide composition. Thus, we accomplished this invention. 

The present invention will now be described in further detail by way of example only, with reference to the 
accompanying drawings, in which: 

FIG.1 shows the influence of temperature on the enzyme activity of the present maftose-trehalose con- 
w verting enzyme derived from Pimelobacter sp. R48. 

FIG.2 shows the influence of pH on the enzyme activity of the present maltose-trehalose converting en- 
zyme derived from Pimelobacter sp. R48. 

FIG.3 shows the influence of temperature on the stability of the present maltose-trehalose converting en- 
zyme derived from Pimelobacter sp. R48. 
is FIG.4 shows the influence of pH on the stability of the present maltose-trehalose converting enzyme de- 

rived from Pimelobacter sp. R48. 

FIG.5 shows the influence of temperature on the enzyme activity of the present maltose-trehalose con- 
verting enzyme derived from Pseudomonas putida H262. 

FIG.6 shows the influence of pH on the enzyme activity of the present maltose-trehalose converting en- 
20 zyme derived from Pseudomonas putida H262. 

FIG.7 shows the influence of temperature on the stability of the present maltose-trehalose converting en- 
zyme derived from Pseudomonas putida H262. 

FIG.8 shows the influence of pH on the stability of 5the present maltose-trehalose converting enzyme de- 
rived from Pseudomonas putida H262. 
25 FIG.9 shows the influence of temperature on the enzyme activity of the present maltose-trehalose con- 

verting enzyme derived from Thermus aquaticus (ATCC 33923). 

FIG.1 0 shows the influence of pH on the enzyme activity of the present maltose-trehalose converting en- 
zyme derived from Thermus aquaticus (ATCC 33923). 

FIG.1 1 shows the Influence of temperature on the stability of the present maltose-trehalose converting 
30 enzyme derived from Thermus aquaticus (ATCC 33923). 

FIG.1 2 shows the influence of pH on the stability of the present maltose-trehalose converting enzyme de- 
rived from Thermus aquaticus (ATCC 33923). 

The present invention relates to a maltose-trehalose converting enzyme, and preparation and uses there- 
of. More particularly, the present invention relates to a novel maltose-trehaiose converting enzyme which con- 
35 verts maitose- into trehalose and/or converts trehalose into maltose, as well as to preparation thereof. The 
present Invention further relates to a microorganism capable of producing the enzyme, a trehalose prepared 
with the enzyme, a saccharide composition containing the trehalose, and a composition containing the treha- 
lose or the saccharide composition. 

The identification test of a microorganism of the genus Pimetobacter, i.e. n Pimelobacter sp. R48", and a 
40 microorganism of the genus Pseudomonas, I.e. Pseudomonas putida H262, according to the present invention 
gave the following results. The test was conducted in accordance with the method as described in "Biseibutsu- 
no-Bunruhto-Doter (Classification and Identification of Microorganisms), edited byTakeji Hasegawa, publish- 
ed by Japan Scientific Societies Press, Tokyo, Japan (1985). 

The results of Pimelobacter sp. R48 were as follows: 

45 

A. Morphology 

(1) Characteristics of cells when incubated at 27°C in nutrient agar 
Usually existing in a rod form of 0.5-0.9x1 .5-4.0nm; 

so Existing single but uncommonly existing in a V-form pair or in a linked form; 

Possessing no motility and being asporogenic; 
Non acid-fast; and 
Gram stain : Positive. 

(2) Characteristics of cells when incubated at 27°C In agar medium supplemented with yeast- and malto- 
55 extracts 

Having a size of 0.6-1 . 0x1. 3-4.2um aft r one-day cultur and xistlng in the form of a nearly cocci with a 
siz of 0.6- 1.0x1 .0-2.5um after 3-day cultur ; 
Exhibiting polymorphism;* and 
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Existing single but uncommonly existing in a V-form pair or in a linked form. 
B. Cultural property 

5 (1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 

Shape : Circular colony having a diameter of 0.5 mm after 24-hours incubation and 1.5-2mmafter 

3-days incubation; 

Rim : Auriculate-like; 

Projection : Hemispherical shape; 
10 Gloss : None; 

Surface : Rugose-like; 

Color : Creamy and opaque colony; 

(2) Characteristics of colony formed when incubated at 27°C in agar plate supplemented with yeast- and 
malto -extracts 

is Shape : Circular colony having a diameter of about 1-1.5 mm after 3-days incubation; 

Rim : Auriculate-like; 
Projection : Hemispherical shape; 
Gloss : None; 

Surface : Rugose-like; ' 

20 Color : Creamy and opaque colony; 

(3) Characteristics of colony formed when incubated at 27°C in slant nutrient agar 
Growth : Satisfactory; 

Shape : Thread-like; and 

(4) Not liquefying gelatin when stab-cultured at 27°C in nutrient gelatin. 
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C. Physiological properties 



(1) Reduction of nitrate : Positive; 

(2) Denitrification reaction : Negative; 
30 (3) Methyl red test : Negative; 

(4) VP-test : Negative; 

(5) Formation of indole ; Negative; 

(6) Formation of hydrogen sulfide ; Positive; 

(7) Hydrolysis of starch : Negative; 
35 (8) Utilization of citric acid : Positive; 

(9) Utilization of inorganic nitrogen source: 
Utilizing ammonium salts and nitrates; 

(10) Formation of pigment : Negative; 

(11) Urease : Negative; 
40 (12) Oxidase : Negative; 

(13) Catalase : Negative; 

(14) Growth conditions : Growing at a pH in the range of 5-9 and a temperature in the range of 15-40°C; 

(15) Oxygen requirements : Aerobic; 

(16) Utilization of carbon source and acid formation 
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(17) Decarboxylase test on amino acid Negative against L-lysine, L~arginine and L-ornithine; 

(18) Utilization of amino acid Utilizing sodium L-glutamate and sodium L-asparate; 

(19) DNase : Negative; 

(20) Formation of 3-ketolactose : Negative; 

(21) Mol% guanine (G) plus cytosine (C) of DNA : 72%; and 

(22) Main diamino acid of cell wall LL-Diaminopimelic acid. 

A deposit of Pimelobacter sp R48 was made on 3rd June 1 993 at the National Institute of Bioscience and 
Human-Technology Agency of Industrial Science and Technology, Ibaraki, Japan. The deposit was accepted 
on that day and has been maintained by the Institute under accession number FERM BP-4315. 

The results of Pseudomonas putida H262 were as follows: 

A. Morphology 

(1) Characteristics of cells when incubated at 27°C in nutrient agar 

Usually existing in a rod form of 0.5-0.7x1 .0-2.0nm and possessing asporogenicity; 
Possessing motility by flagellum; 
Non acid-fast; and 
Gram stain : Negative. 

(2) Characteristics of cells when incubated at 27°C in agar medium supplemented with yeast- and malto- 
extracts 

Having a size of 0.6-0.8x2.0-4.0^m after one-day culture. 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 

Shape : Circular colony having a diameter of 1-2 mm after 24-hours incubation and 3.5-4 mm after 

3-days incubation; 
Rim : Entire; 
Projection : Hemispherical shape; 
Gloss : Moist gloss; 
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Surface : Smooth; 

Color: Creamy or whit opaque col ny; 

(2) Characteristics of colony formed when incubated at 27°C in agar plate supplemented with yeast- and 
malto -extracts 

5 Shape : Circular colony having a diameter of about 4-5 mm after 3-days incubation; 

Rim : Entire; 

Projection : Hemispherical shape; 

Gloss : Moist gloss; 

Surface : Smooth; 
10 Color : Creamy or white opaque colony; 

(3) Characteristics of colony formed when incubated at 27°C in slant nutrient agar 
Growth : Satisfactory; 

Shape : Thread-like. Forming a relatively-thin projection with a smooth surface, moist gloss, opaque 
and yellowish cream; and 
is (4) Not liquefying gelatin when stab-cultured at 27°C in nutrient gelatin. 

C. Physiological properties 

(I) Reduction of nitrate in a succinic acid medium : Positive; 
20 (2) Denitrif ication reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test : Negative; 

(5) Formation of indole : Negative; 

(6) Formation of hydrogen sulfide Negative; 
25 (7) Hydrolysis of starch : Negative; 

(8) Accumulation of poly-p-hydroxy butyl ate: Negative 

(9) Decomposition of procatechuate: Orth-type 

(10) Utilization of citric acid : Positive; 

(II) Utilization of Inorganic nitrogen source: 
30 Utilizing ammonium salts and nitrates; 

(12) Formation of pigment : Pale yellowish pigment; 

(13) Formation of fluorescent pigment Positive 

(14) Urease : Positive; 

(15) Oxidase : Positive; 
35 (16) Catatase : Positive; 

(17) Growth conditions : Growing at a pH in the range of 5-9 and a temperature in the range of 10-37°C; 

(18) Oxygen requirements : Aerobic; 

(19) Utilization of carbon source and acid formation 

40 
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30 (20) Decarboxylase test on amino acid Negative against L-lysine and L-ornithine and positive against L- 

arginine; 

(21) Utilization of amino acid Utilizing sodium L-glutamate, sodium L-asparate, sodium L-arginine, L-his- 
tidine, L-valine and D-alanine, but not L-tryptophane; 

(22) DNase : Negative; 

35 (23) Formation of 3-ketolactose : Negative; and 

(24) Mol% guanine (G) plus cytoslne (C) of DNA : 63%. 

Based on the results, the bacteriological properties were compared with those of known microorganisms 
with reference to Sergey's Manual of Systematic Bacteriology, 1st edition (1984). As a result, it was revealed 
that the microorganism was identified as a microorganism of the species Pseudomonas putida. 

40 The present Inventors had named this microorganism "Pseudomonas putida H262", and deposited it on 

February 23, 1994, in National Institute of Bioscience and Human-Technology Agency of Industrial Science 
and Technology, Ibaraki, Japan. The deposition of the microorganism was accepted on the same day and has 
been maintained by the institute under the accession number of FERM BP-4579. 

In addition to the above- identified microorganism, other strains of the genus Pseudomonas and their mu- 

45 tants can be adequately used in the Invention as long as they produce the present maltose-trehalose convert- 
ing enzyme. 

Furthermore, microorganisms of the genus Thermus, for example, those of the species Thermus aquaticus 
(ATCC 25104), Thermus aquaticus (ATCC 33923), Thermus fiiifbrmis (ATCC 43280). Thermus ruber (ATCC 
35948), Thermus sp. (ATCC 43814), and Thermus sp. (ATCC 43815) can be suitably used in the invention. 

50 Any nutrient culture medium can be used in the invention as long as the microorganisms can grow therein 

and produce the present enzyme: For example, synthetic- and natural-nutrient culture media can be arbitrarily 
used. Any carbon-containing substance can be used in the invention as a carbon source as long as it is utilized 
by the microorganisms: Examples of such a carbon source are saccharides such as glucose, fructose, mo- 
lasses, trehalose, lactose, sucrose, mannitol, sorbitol, partial starch hydrolysates; and organic acids such as 

55 citric acid and succinic acid as well as their salts. The concentrations of these carbon s urces in nutrient culture 
media are appropriately chosen. For example, in the case of using glucose, a preferable concentration is usu- 
ally 40 w/v % or lower, preferably, 10 w/v % or lower, d.s.b.. in view of the growth and proliferation of th mi- 
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croorganisms. The nitrogen sources usable in th invention are, for example, inorganic nitrog n compounds 
such as ammonium salts and nitrates; and organic nitrogen-containing compounds such as urea, corn steep 
liquor, casein, peptone, yeast extract and meat extract The inorganic ingredients usable in the inv ntion are, 
for example, calcium salts, magnesium salts, potassium salts, sodium salts, phosphates and other salts of 

5 manganese, zinc, iron, copper, molybdenum and cobalt 

The cultural conditions used in the Invention are those in which the microorganisms can grow and produce 
the present enzyme, for example, aerobic conditions at a temperature in the range of about 4-80°C, preferably, 
a temperature in the range of about 20-75°C; and at a pH in the range of about 5-9, preferably, a pH in the 
range of 6-8.5. The cultivation time suitably used in the invention is set to a time longer than that required for 

10 the growth initiation of the microorganisms, preferably, 10-100 hours. The concentration of dissolved oxygen 
(DO) in nutrient culture media is not specifically restricted, and, usually a DO in the range of about 0.5-20 ppm 
is satisfactory. The DO level can be kept within the range by controlling the aeration rate, stirring nutrient cul- 
ture media, supplementing oxygen to aeration, and increasing the inner pressure of fermenters. The culture 
can be carried out batchwise or in continuous manner. 

15 After completion of the culture, the present enzyme is recovered therefrom. Inasmuch as the activity of 

the present enzyme is found in both cells and cell-free supernatants, they can be recovered and used as a 
crude enzyme. The resultant culture can be used intact as a crude enzyme. Conventional liquid-solid separa- 
tion methods can be employed in the invention to remove cells from the culture. For example, methods to di- 
rectly centrifuge the resultant culture and those to filtrate cells with precoat filters or to filtrate cells by the 

20 addition of filter aids, as well as to separate celts by membrane filtration using plate filters or hollow fibers, 
can be suitably used. Cell-free filtrates thus obtained can be used intact as an enzyme solution or may be 
concentrated In usual manner prior to their use. The concentration methods usable in the invention are, for 
example, salting out using ammonium sulfate, sedimentation using acetone and alcohol, and membrane fil- 
tration using plats filters, hollow fibers, etc. 

25 In case of the present enzyme is an intracellular enzyme, it can be extracted from cells by conventional 

techniques, and the resultant extract can be used as a crude enzyme. In order to obtain such an extract, cells 
are disrupted by an ultrasonic disruption, mechanical disruption using glass beads or alumina, french-press 
disruption, etc., followed by subjecting the resultant to centrif ugation or membrane filtration to obtain a clear 
crude-enzyme-solution. 

30 Cell-free filtrates and their concentrates as well as cell extracts can be immobilized by conventional tech- 

niques. Examples of such an Immobilization technique are conjugation methods using Ion-exchangers, cova- 
lentlinkages and absorptions using resins and membranes, and inclusion methods using high-molecular weight 
substances. Intact cells separated from the resultant culture can be used as a crude enzyme or may be im- 
mobilized prior to their use. For example, the cells are immobilized by mixing them with sodium alginate, and 

35 dropping the suspension in calcium chloride solution to gelatinize the drops into granules. The resultant gran- 
ules can be fixed by polyethylene imine or glutaraldehyde prior to their use. 

The crude enzyme solutions thus obtained can be used intact or purified by conventional methods prior 
to their use. For example, a purified enzyme preparation, which exhibits an electrophoretically single band, 
can be prepared by dialyzing a crude enzyme preparation, which had been prepared by salting out an extract 

40 from disrupted cells with ammonium sulfate and concentrating the resultant, and successively purifying the 
dialyzed solution on anion-exchange column chromatography using "DEAE-TOYOPEARL®", an anion ex- 
changer; hydrophobic column chromatography using "BUTYL-TOYO PEARL®", a hydrophobic resin, all of 
which are products of Tosoh Corporation, Tokyo. Japan; anion-exchange column chromatography using 
"MONO Q HR5/5", an anion exchanger commercialized by Pharmacia LKB Biotechnology AB, Uppsala, Swe- 

45 den; and gel filtration column chromatography using TOYOPEARL®H W-55", a resin commercialized by Tosoh 
Corporation, Tokyo, Japan. These procedures provide an enzyme which shows an electrophoretically single 
band. 

The present maltose-trehalose converting enzyme thus obtained has the following physicochemical prop- 
erties: 
50 (1) Action 

Converting maltose into trehalose and vice versa. 

(2) Molecular weight 

About 57,000-120,000 daltons on sodium dodecylsulfate potyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

55 About 3.8-5.1 on isoelectrophoresis using ampholyte; 

(4) Inhibition of activity 

Being inhibited by on mM Cu ++ , Hg** and Tris-HCI buffer, and 

(5) Origin 
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Originated from microorganisms. 

More particularly, the physicoch mica! property of the present enzym diff rs dependently on its origin 
as shown in the below. 

A maltose-trehalose converting enzyme derived from Pimelobacter sp. R48 has the following physico- 
5 chemical properties: 
(1) Action 

Converting maltose into trehalose and wee versa. 

Forming about one mole of trehalose from one mole of maltose or forming about one mole of maltose from 
one mole of trehalose; 
10 (2) Molecular weight 

About 57,000-67,000 daltons on sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

About 4.1-5.1 on Isoelectrophoresis using ampholyte; 

(4) Inhibition of activity 

15 Being inhibited by one mM Cu ++ , Hg* + and Tris-HCl buffer; and 

(5) Optimum temperature 

About 20°C when incubated at pH 7.0 for 60 min; 

(6) Optimum pH 

About 7.0-8.0 when incubated at 25°C for 60 min; 
20 (7) Thermal stability 

Being stable up to about 30°C when incubated at pH 7.0 for 60 min; and 
(8) pH Stability 

Being stable at a pH of about 6.0-9.0 when incubated at 20°C for 60 min. 

A maltose-trehalose converting enzyme derived from Pseudomonas putlda H262 has the following phys- 
25 icochemical properties: 
(1) Action 

Converting maltose into trehalose and vice versa; 

Forming about one mole of trehalose from one mole of maltose or forming about one mole of maltose from 
one mole of trehalose; 
30 (2) Molecular weight 

About 110,000-120,000 daltons on SDS-PAGE; 

(3) Isoelectric point (pi) 

About 4.1-5.1 on electrophoresis using ampholyte; 

(4) Inhibition of activity 

35 Being inhibited by one mM Cu ++ , Hg^ and 50 mM Tris-HCl buffer 

(5) Optimum temperature 

About 37°C when incubated at pH 7.0 for 60 min; 

(6) Optimum pH 

Being stable at a pH of about 7.3-8.3 when incubated at pH 7.0 for 60 min; and 
40 (7) Thermal stability 

Being stable up to 40°C when incubated at pH 7.0 for 60 min; and 
(8) pH Stability 

Being stable at a pH of about 6.0-9.5 when incubated at 35°C for 60 min. 

The maltose-trehalose converting enzyme derived from Thermus aquaticus (ATCC 33923) has the follow- 
45 ing physicochemical properties: 
(1) Action 

Converting maltose into trehalose and vice versa: 

Forming about one mole of trehalose from one mole of maltose or forming about one mole of maitose from 
one mole of trehalose; 
so (2) Molecular weight 

About 100,000-110,000 daltons on SDS-PAGE; 

(3) Isoelectric point (pi) 

About 3.8-4.8 on electrophoresis using ampholyte; 

(4) Inhibition of activity 

55 Being inhibited by one mM Cu+\ Hg*~* and 50 mM Tris-HCl buffer; 

(5) Optimum temperature 

About 65°C when incubated at pH 7.0 for 60 min; 

(6) Optimum pH 

9 
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Being stabl at a pH of about 6.0-6.7 when incubated at 60°C for 60 min; 

(7) Thermal stability 

Being stable up to a temperature of 80°C when incubated at pH 7.0 for 60 min; and 

(8) pH Stability 

s Being stable at a pH of about 5.5-9.5 when incubated at 60°C for 60 min. 

The activity of the present maltose-trehalose converting enzyme is assayed as follows: One ml of an en- 
zyme solution is added to one ml of 20 w/v % maltose as a substrate in 10 mM phosphate buffer (pH 7.0), and 
the mixture solution is incubated at 25°C, 35°C or 60°C for 60 min, followed by the heating the solution at 1 00°C 
for 10 min to suspend the enzymatic reaction. To the resultant reaction mixture is precisely diluted by 11 -fold 

10 with 50 mM phosphate buffer (pH 7.5), and 0.4 ml of the diluted solution is admixed with 0.1 ml of a trehalase 
solution having one unit/ml of trehalase. The resultant solution is incubated at 45°C for 120 min, followed by 
determining the amount of glucose by the glucose-oxidase method. As a control, by using trehalase and an 
enzyme solution, which were preheated at 1 00°C for 1 0 min to inactivate the enzyme, the activity of the enzyme 
solution is assayed similarly as above. With the above assay, the content of trehalose, formed by the present 

15 maltose-trehalose converting enzyme, Is determined based on the amount of glucose formed, and one unit 
activity of the enzyme is defined as the amount of enzyme which forms one mnole of trehalose per minute. 
As regards to the reaction temperature, it is set to 25 C C for the enzyme of a microorganism of the genus Pi- 
melobacten 35°C for that of the genus Pseudomonas; and 60°C for that of the genus Thermus. 

Since the present maltose-trehalose converting enzyme converts maltose into trehalose and wee versa, 

20 maltose or trehalose as a substrate can be used to meet to its final use. Maltose is used as a substrate for 
preparing trehalose. 

Any maltose can be used In the Invention as long as It is converted into trehalose when received with the 
action of the present maltose-trehalose converting enzyme, and, in general, high maltose content products 
with the highest possible purity, preferably, those with a purity of 70% or higher, d.s.b., can be suitably used. 
25 Commercially available maltose products and those prepared by conventional starch saccharification techni- 
ques are also used. 

Examples of maltose preparation from starch are those disclosed in Japanese Patent Publication 
Nos.11, 437/81 and 17,078/81 wherein p-amyiase is allowed to act on gelatinized-and liquefied-starch to form 
maltose which is then separated from high molecular weight dextrin and recovered in a high maltose content 
30 product. Other examples are those disclosed in Japanese Patent Publication Nos.1 3,089/72 and 3,938/79 
wherein 0-amylase te allowed to act on gelatinized- and llquef led-starch together with a starch debranching 
enzyme such as isoamylase and pullulanase to form maltose which is then recovered in a high maltose content 
product. 

To the concomitant saccharides such as maltotriose present in the resultant high maltose content products, 
35 prepared by the aforesaid preparations, are added the enzymes as disclosed in Japanese Patent Publication 
Nos.28,1 53/81, 3,356/82 and 28,154/81 to increase the maltose content. The maltose content in the high mal- 
tose content products can be satisfactorily more increased by removing the concomitant saccharides on col- 
umn chromatography using a strong-acid cation-exchange resin as disclosed in Japanese Patent Laid-Open 
No.23,799/83. 

40 The concentration of the substrates used In the invention is not specifically restricted. The enzymatic re- 

action of the present enzyme proceeds even in a solution of 0.1% or 50% of a material maltose, resulting in 
the formation of trehalose. Suspensions containing insolubie substrates can be used in the invention. The tem- 
perature used in the present enzymatic reaction can be set to a temperature at which the enzyme is not inac- 
tivated, i.e. a temperature up to about 80°C, preferably, a temperature in the range of about 0-70°C. The re- 

45 action pH used in the present enzymatic reaction is set to a pH In the range of about 5.5-9.0. preferably, a pH 
in the range of about 6.0-8.5. The reaction time used in the present enzymatic reaction is adequately chosen 
dependently on the reaction conditions, and, usually, it Is in the range of about 0.1-100 hours when the enzyme 
is used in an amount of about 0.1-100 units/g substrate, d.s.b. 

The present enzymatic reaction enables the conversion of trehalose from a material maltose in a relatively- 

50 high conversion rate, i.e. the maximum is about 70-85%. 

The reaction mixture thus obtained are in usual manner subjected to filtration and centrif ugation to remove 
insoluble substances, and decolored with an activated charcoal, desalted with ion-exchangers in H- and OH- 
form, and concentrated into syrupy products. If necessary, the syrupy products can be arbitrarily dried into 
powdery products or prepared Into crystalline products. 

55 Furthermore, the powdery products are readily process d into high-purity trehalose products by purifying 

them with one or more methods, for example, fractionations by lonexchange column chromatography and col- 
umn chromatography using an activat d charcoal or a silica gel; and alkaline treatm nts to decompose and 
remove the remaining reducing saccharides. Maltose separable by such a column chromatography can be suit- 
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ably used as a substrat for the conv rsion of maltose into trehal se by the present maltos -trehalose con- 
verting enzym . 

If necessary, the present saccharide composition containing trehalose can b hydrolyzed by glucoamylase 
and a-glucosidase, or subjected to a saccharide-transfer reaction by using cyclomaltodextrin glucanotrans- 
ferase and/or glucosyltransferase to control its sweetness, reducing power and viscosity. Furthermore, reduc- 
ing saccharides in the resultant trehalose products can be arbitrarily removed by decomposing them with al- 
kaline treatments and fermenting them with yeasts, or hydrogenated into sugar alcohols. Thus, their reducing 
power is eliminated. From the resultants, glucose can be removed by the above purification methods such as 
ion-exchange column chromatography to obtain high trehalose content fractions. The fractions thus obtained 
can be readily purified and concentrated into syrupy products, and, if necessary, the syrupy products can be 
further concentrated into supersaturated solutions and crystallized into hydrous or anhydrous crystalline tre- 
halose. , , . ... 

The Ion-exchange column chromatography usable in the invention includes, for example, those which em- 
ploy a strong-acid cation-exchange resin as disclosed in Japanese Patent Laid-Open Nos.23.799/83 and 
72 598/83. By using the column chromatography, the concomitant saccharides contained in a crude trehalose 
product can be readily removed to obtain high trehalose content fractions. In this case, any one of fixed-bed, 
moving bed and semi-moving methods can be arbitrarily employed. 

In order to prepare hydrous crystalline trehalose, a 65-90% solution of trehalose with a purity of 60 /o or 
higher is placed in a crystaJlizer, and gradually cooled while stirring in the presence or absence of an about 
0 1-20% seed crystal at a temperature of 95°C or lower, preferably, at a temperature in the range of 10-90°C, 
to obtain a massecuite containing hydrous crystalline trehalose. Continuous crystallization methods, which at- 
tain the crystallization of the objective saccharides under their concentration in vacuo, can be arbitrarily em- 
ployed Conventional methods such as separation, block pulverization, fluidized-bed granulation and spray 
drying can be employed in the Invention to prepare from the massecuite hydrous crystalline trehalose or crys- 
talline saccharides containing it. 

In the case of separation, massecuites are usually subjected to a basket-type centrifuge to separate hy- 
drous crystalline trehalose from a mother liquor, and. if necessary, the resultant hydrous crystalline trehalose 
is washed by spraying it with a small amount of cold water to facilitate the preparation of hydrous crystalline 
trehalose with an Increased purity. . 

In the case of spray drying, crystalline saccharides with no or substantially free of hygroscopicity are read- 
ily prepared by spraying massecuites having a concentration of about 60-85%. d.s.b., and a crystalllnity of 
about 20-60%, d.s.b. ( from a nozzle by a high-pressure pump; drying the resultants with an about 60-100°C 
hot air which does not melt the resultant crystalline powders; and aging the resultant powders for about 1-20 
hours while blowing with an about 30-60°C hot air. 

In the case of block pulverization, crystalline saccharides with no or substantially free of hygroscopicity 
are readily prepared by allowing massecuites having a moisture content of about 10-25% and a crystalhnity 
of about 10-60%. d.s.b.. to stand for several hours to 3 days or so in order to crystallize and solidify the whole 
contents into blocks, pulverizing or cutting the resultant blocks, and drying the resultants. 

Although anhydrous crystalline trehalose can be prepared by drying hydrous crystalline trehalose to con- 
vert It Into anhydrous form, It is generally prepared by providing a high trehalose content solution with a moisture 
content less than 10%. placing the solution in a crystallizer. keeping the solution in the presence of a seed 
crystal at a temperature in the range of 50-160°C, preferably, at a temperature in the range of 80-140°C under 
stirring conditions to obtain a massecuite containing anhydrous crystalline trehalose, and crystallizing and pul- 
verizing the anhydrous crystalline trehalose by conventional methods such as block pulverization, fluidized- 
bed granulation and spray drying under the conditions of dry and relatively-high temperature. 

The present trehalose thus obtained is stable and substantially free of reducing power, and can be mixed 
and processed with other materials, specifically, amino acids and amino acld-contalning substances such as 
oligopeptides and proteins without a fear of causing unsatisfactory browning and smell as well as defeneration 
of the materials. Trehalose per se has a satisfactorily-high quality and sweetness. Since trehalose is readily 
hydrolyzed by trehalase into glucoses, it is readily assimilated, absorbed and utilized by living bodies as an 
energy source when orally administered. Furthermore, trehalose is not substantially fermented by dental car- 
ries-inducing microorganisms, and this renders it useful as a sweetener which does not substantially induce 

^TheTresent trehalose is a stable sweetener, and. specifically, crystalline trehalose is arbitrarily used as 
a sugar coating agent for tablets when used in combination with a binder such as pullulan, hydroxyethyl starch 
or polyvinylpyrrolldon . In addition, the trehalose has pr pertles such as osmotic pressure-controlling ability, 
filler-imparting ability, gloss- imparting ability, m isture-r taining ability, viscosity-imparting ability, substan- 
tial n fermentability, ability to prevent retrogradation of gelatinized starch, and ability to prevent crystallization 
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of ther saccharides. 

Thus the present tr halose and saccharide composition containing the same can be arbitrarily used as 
a sweetener, taste-improving agent, quality-improving agent, stabilizer and fill r in a variety of compositions 
such as food products, cigarettes, tobaccos, feeds, cosmetics and pharmaceuticals. 

The present trehalose and saccharide composition can be used intact as a seasoning for sweetening. If 
necessary they can be used in combination with adequate amounts of one or more other sweeteners, for ex- 
ample powdered syrup, glucose, maltose, sucrose, isomerized sugar, honey, maple sugar, sorbitol, maltitol, 
lactitol dihydrocharcone. stevioslde. a-glycosyl stevloside, rebaudioside, glycyrrhizin, L-aspartyl L-phenyla- 
lanine methyl ester, saccharin, glycine and alanine; and/or a filler such as dextrin, starch and lactose. 

Powdery or crystalline products containing the present trehalose or the saccharide composition can be 
used intact, and. if necessary, they can be mixed with an excipient. filler, diluent and binder, and formed into 
Granules spheres, shot-rods, plates, cubes and tablets, prior to their use. 

The present saccharide composition containing trehalose with a low reduclng-power and trehalose sepa- 
rated therefrom well harmonize with other materials having sour-, acid-, salty-, bitter-. rtm ^ 
dous-tastes. and have a relatively-high acid tolerance and heat resistance. Thus, they can be favorably used 
in food products in general as a sweetener, taste-improving agent and quality-improving agent 

The present trehalose and saccharide composition containing the same can be used ,n seasomngs such 
as a soy sauce, powdered soy sauce, "in/so", funmatsu-miso" (a powdered mho), 'morom, (a refined sake). 
"hishio- ' (a refined soy sauce), 'furikake- (a seasoned fish meal), mayonnaise, dressing, vmegar, sanba^zu 
(asau^ of sugar, soy sauceandvlnegarJ.Van^ 

anTstert mfcfor Chinese dish). 'tentsuyS (a sauce for Japanese deep-fat fried food). 'mentsuyW (a sauce 
o sauce, catsup. mMtr (a premix for pickled radish). /^tTcTv 
no-moto' (a premix for fresh white rape pickles). "yaWm/cu-no-fare" (a sauce for Japanese grided meaQ, .curry 
roux, instant stew mix. instant soup mix. -dashi-ao^noto' (an instant stock mix), mixed seasoning, m.nn (a 
sweet sake). "shin-miiin m (a synthetic mirin), table sugar and coffee sugar.. 
Thepisen^ 

ening "wagashr (Japanese cakes) such as SenbeT (a rice cracker), 'arare-mochr a nce-cake cube), okosh, 
( mSleSd-ric cake), "mocftr (a rice paste), -rnan/^ (a bun wim a bean-jam). W (a sweet nee jelly) an^ 
a Sean jam), "yokan' (a sweet Jelly of beans), 'mizu-yokarf (a soft adzuki-bean jelly), 'klngyoku- (a kind of 
yoSK pao de Castel.a and "amec-ama" (a Japanese toffee); confectioneries such as bun biscu, crack- 
eT«,okle pie, pudding, butter cream, custard cream, cream puff, waffle, sponge cake, doughnut, chocotate, 
cSewSg gum" Lame and candy; frozen desserts such as ice cream and sherbet; syrups such as 'kajrtsu- 
rSTr^zuke- (a preserved f J) and -korimltsS (a sugar syrup for shaved ice); pastes such as flour paste 
P^rT^aste. fruit paste and spread; processed fruits and vegetables such as jam. marma ade, Jrup-^ka 
Suit piSdes) and -tote" (conserves); P ick.es and pickled products such ^J^^f^^^ 
pickles) -bettara-zuka' (a kind of whole fresh radish pickles). "senmal-zuke" (a kind of sliced fresh radish p.ck- 
ies) and Takkyo-zuke- (pickled shallots); meat products such as ham and sausage; products of fish meatsuch 
as Ish haZS sausage, 'kamaboko" (a steamed fish paste), -chlkuwa- (a kind offish paste) and "tenpura 
(a Japan^e deep-fat fried fish paste); "cn/nmT (relish) such as 'uni-no-shiokara- (saltec guts d «>>cH 
Vka nLhlokaJlsaited guts of squid). Su-konbS (processed tangle). Sakl-suruma' (dried squid stnps) and 
>Z™™irin-bo S hr (a dried mirin-seasoned swellf ish); -tsukudanr (foods boiled down in soy sauoe)such 
as u^se of laver. edible wild plants, dried squid, fish and shellfish; daily dishes such as 'nuname' (c^ked 
beans) potato salad and 'konbu-makf (a tangle roll); milk products such as m.lk beverage, yogurt and cheese 
canned and bottled products such as those of meat, fish meat, fruit and vegetable; alcoho.c beverages such 
as synthetic sake, wine and liquors; soft drinks such as coffee, tea. cocoa, ju.ee. carbonated beverage, sour 
milk beverage and beverage containing a lactic acid bacterium; instantfood Products such as instant pudding 
mix. Instant hot cake mbt and -so^eW-sh/rt/co" (an Instant mix of adzuki-bean soup wl h rice cake) and instant 
soup mix; and beverages such as baby foods, foods fbrtherapy. and beverages supplemented w,th nutrition, 
as well as for improving the tastes and qualities of the aforementioned food-products, 
so The present trehalose and saccharide composition containing the same can be also used «r feeds and pet 

foods for animals such as domestic animals, poultry, honey bees, silk worms and fishes in order to improve 
their taste preferences. The present trehalose and saccharide composite can be arbitranly ^used I as a sweet 
ener. taste-improving agent, quaiity-improving agent and stabile in other products 
such as a tobacco, cigarette, dentifrice, lipstick, rouge. Hp cream. Internal medicine, tablet, troche, cod liver 
55 oil in the form of a drop, cachou, oral refrigerant, gargle, cosmetic and pharmaceutical. lrnorovin a 
Thepresenttrehal se and saccharide composition c ntainlng the same can be used las a quality- mprov^ng 
agent and stabiliz rfor biologically active substances susceptible to loss of th .r e feefve ingredi nts £dac 
tivlties as well as in health foods and pharmaceutical compositions containing biologically act^e substances. 
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Examples of such a biologically active substance are lymphokines such as a-, p- and y-int rferons, tumor nec- 
rosis factor-a (TNF-a), tumor necrosis factor-p (TNF-p), macrophage migration inhibitory factor, colony-stim- 
ulating factor, transfer factor and interleukin 2 (IL-2); hormones such as insulin, growth hormone, prolactin, 
erythropoietin, follicle-stimulating hormone, and placental hormone; biological preparations such as BCG vac- 

5 cine, Japanese encephalitis vaccine, measles vaccine, live polio vaccine, smallpox vaccine, tetanus toxoid, 
Trimeresurus antitoxin and human Immunoglobulin; antibiotics such as penicillin, erythromycin, chloramphe- 
nicol, tetracycline, streptomycin and kanamycin sulfate; vitamins such as thiamine, riboflavin, L- ascorbic acid, 
cod liver oil, carotenoid, ergosterol and tocopherol; enzymes such as lipase, elastase, urokinase, protease, p- 
amylase, isoamylase, glucanase and lactase; extracts such as ginseng extract, snapping turtle extract, chlor- 

10 ella extract, aloe extract and propolis extract; viable microorganisms such as viruses, lactic acid bacteria and 
yeasts; and other biologically active substances such as royal jelly. By using the present trehalose and sac- 
charide composition containing the same, the aforementioned biologically active substances are readily pre- 
pared into health foods and pharmaceutical compositions with a satisfactorily-high stability and quality without 
a fear of losing or inactivating their activities and effective ingredients. 

15 As described above, the methods to incorporate the present trehalose and saccharide composition con- 

taining the same into the aforementioned substances and compositions include conventional methods, for ex- 
ample, mixing, kneading, dissolving, melting, soaking, permeating, sprinkling, applying, coating, spraying, in- 
jecting, crystallizing and solidifying. The trehalose and saccharide composition are usually incorporated into 
the aforementioned substances and compositions in an amount of 0.1% or higher, preferably, one % or higher, 

20 d.s.b. 

The following experiments explain the present invention more in detail: 
Experiment 1 
25 Production of enzyme 

One hundred ml aliquots of a liquid nutrient culture medium, consisting of 2.0 w/v % glucose, 0.5 w/v % 
polypeptone, 0.1 w/v % yeast extract, 0.06 w/v % disodium hydrogenphosphate, 0.1 w/v % potassium hydro- 
genphosphate, 0.05 w/v % magnesium sulfate heptahydrate, 0.5 w/v % calcium carbonate and water, were 
30 placed in 500-ml Erlenmeyer flasks, autoclaved at 11 5°C for 30 min to effect sterilization, cooled, and inocu- 
lated with a seed culture of Ptmelobactersp. R48 (FERM BP-431 5), followed by the cultivation at 27°C for 24 
hours under stirring conditions of 200 rpm. The resultant cultures were pooled and used as a seed culture. 

About 20 L aliquot of a fresh preparation of the same liquid nutrient culture medium as used in the above 
culture was placed in a 30-L fermenter, sterilized, cooled to 27°C, and inoculated with one v/v % of the seed 
35 culture, followed by the culture at 27°C and a pH of 6.0-8.0 for about 40 hours under stirring and aerobic con- 
ditions. 

The activity of a maltose-trehalose converting enzyme accumulated in the resultant culture was 0.55 
units/ml. A portion of the culture was separated by centrif ugatlon into cells and a supernatant, and the cells 
were suspended in 50 mM phosphate buffer (pH 7.0) to give the same volume of that of the portion, followed 
40 by assaying the enzyme activity In the cell suspension and the supernatant to give 0.5 units/ml and 0.05 
units/ml respectively. The enzyme activity was the value assayed at 25°C. 

Experiment 2 

45 Purification of enzyme 

The culture obtained in Experiment 1 was centrif uged to obtain an about 0.5 kg wet cells which were then 
suspended in 10 mM phosphate buffer (pH 7.0). The cell suspension was subjected to "VIBROGEN-ZELL- 
MUHLE", a cell disrupting apparatus commercialized by Edmund BOhler, Tubingen, Germany, and the resultant 
50 mixture was centrif uged at 15 t 000xg for 30 min to obtain an about 4.5 L supernatant Ammonium sulfate was 
added to the supernatant and -dissolved therein to give a saturation degree of 0.3, and the solution was allowed 
to stand at 4°C for 4 hours, and centrifuged to obtain a supernatant. 

Ammonium sulfate was further added to the resultant supernatant and dissolved therein to give a satur- 
ation degree of 0.8, and the solution was allowed to stand at 4°C overnight, and centrifuged to obtain a sedi- 
55 ment. 

The sediment was dissolved in 10 mM phosphate buff r (pH 7.0), dialyzed against a fresh pr paration of 
the same buff r for 24 hours, and centrif ug dt r move insoluble substances. Four hundred ml of the r sultant 
dialyzed solution was divided into 2 portions which w re then separately subjected to column chromatography 
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using a column packed with 300 ml of "DEAE-TOYO PEARL® GEL - , an ion-exchanger commercialized by To- 
soh Corp ration, Tokyo, Japan. 

The pres nt maltose-trehalose converting enzyme adsorbed on th ion- xchang r was eluted from the 
column with a fresh preparation of the same buffer supplemented with salt. Fractions with the enzyme activity 
eluted from the column were recovered, pooled and dialyzed against a fresh preparation of the same buffer 
supplemented with one M ammonium sulfate. The dialyzed solution was centrifuged to remove insoluble sub- 
stances, and subjected to hydrophobic column chromatography using a column packed with 300 ml of "BUTYL- 
TOYO PEARL® 650 GEL", a hydrophobic gel commercialized by Tosoh Corporation, Tokyo, Japan. The mal- 
tose-trehalose converting enzyme adsorb on the gel was eluted from the column with a liner gradient buffer 
ranging from 1 M to 0 M ammonium sulfate, followed by recovering fractions with the enzyme activity. 

The fractions were pooled and subjected to ionexchange column chromatography using a column packed 
with 10 ml of "MONO Q HR5/5", a gel commercialized by Pharmacia LKB Biotechnology AB, Uppsala, Sweden, 
followed by recovering fractions with the enzyme activity. The total activity, specific activity and yield in each 
purification step are tabulated in Table 1. 



Table 1 



Purification 
step 


Total enzyme* Specific Yield 
activity (units) activity (%) 
( units /mg protein) 


Supernatant: after 
cell disruption 


7,310 




0.25 


100 


Dialyzed solution 
after salting out 


2,730 




0.31 


37.3 


Eluate from ion- 
exchange column 


2,290 




1.35 


31.3 


Eluate from 
hydrophobic column 


1,160 




10.8 


15.9 


Eluate from ion- 
exchange column 


819 




33.6 


11.2 



Note : The symbol "*" means the present maltose-trehalose 
converting enzyme . 



The purified enzyme preparation obtained by the above purification procedure was electrophoresed by 
using a 7.5% sodium dodecylsulfate polyacrylamide gel to give a single protein band, and this meant that it 
was a considerably-high purity preparation. 

Experiment 3 

Property of enzyme 

A portion of a purified maitose-trehalose converting enzyme preparation, obtained by the method in Ex- 
periment 2, was electrophoresed by using a 10% sodium dodecylsulfate polyacrylamide gel. The molecular 
weight was determined to be about 57,000-67,000 daltons by comparing it with those of marker proteins, com- 
mercialized by Japan Bio-Rad Laboratories, Tokyo, Japan, which had been simultan ously electrophor sed. 

Another portion of the purified maltose-trehalose converting enzyme preparation was isoelectrophoresed 
by using a polyacrylamide gel containing 2 v/v % "AMPHOUNE", an ampholyte commercialized by Pharmacia 
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LKB Biotechnology AB, Uppsala, Sweden. Th resultant gel was sliced into pieces, f Mowed by measuring their 
pHs to reveal the pi of the nzyme being about 4.1-5.1. 

Effects of temperature and pH on the activity of the present enzyme were studied in accordance with the 
method as used for assaying the enzyme activity. The results were respectively shown in FIG. 1 (effect of tem- 

5 perature) and FIG. 2 (effect of pH). The optimum temperature of the enzyme was about 20°C when incubated 
at pH 7.0 for 60 min t and the optimum pH was about 7,0-8.0 when incubated at 25°C for 60 min. The thermal 
stability of the enzyme was determined by incubating it in 50 mM phosphate buffers (pH 7.0) in test tubes at 
different temperatures for 60 min, cooling the test tubes with cold water, and assaying the residual enzyme 
activity in each buffer. The pH stability of the enzyme was determined by incubating it in 50 mM phosphate 

10 buffers having different pHs at 20°C for 60 min, adjusting the buffers to pH 7.0, and assaying the residual en- 
zyme activity in each buffer. The results of the thermal- and pH-stabilities of the enzyme were respectively 
shown in FIG.s 3 and 4. The enzyme was stable up to a temperature of about 30°C and stable at a pH of about 
6.0-9.0. One mM Cu ++ or Hg ++ and 50 mM Tris-HCI buffer were inhibitory to the enzyme. 

is Experiment 4 

Action on saccharides 

A variety of saccharides were tested for determining whether they could be used as a substrate for the 
20 present enzyme. Glucose, maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose, maltoheptaose, 
soluble starch, amylose having an average polymerization degree of 18. trehalose, neotrehalose, gentiobiose, 
kojibiose, isomaltose, cellobiose, maltltol, sucrose, maltulose, turanose, paratinose, trehalulose or lactose was 
prepared into a solution. A solution containing glucose and the equal amount of ct-glucose 1 -phosphate or p- 
glucose 1 -phosphate was prepared. 
25 The solutions were respectively mixed with 2 units/g substrate, d.s.b., of a maltose-trehalose converting 

enzyme obtained by the method in Experiment 2, adjusted their substrate concentrations to 5 w/v %, and sub- 
jected to an enzymatic reaction at20°C and pH 7.0 for 24 hours. The solutions before and after their enzymatic 
reactions were subjected to thin layer chromatography (TLC) using "KIESELGEL60 (20x20 cm)", an aluminum 
plate for TLC commercialized by Merck & Co., Inc., Rahway, USA, for determining whether the present enzyme 
30 acts on the saccharides. The resultant products were developed once on the plates by using a developing sol- 
vent system of 1-butanol, pyridine and water (=6:4:1 by volume). The products on the plates were colored by 
spraying thereto a 20 v/v % sulfuric acid in methanol, and heating the plates at 110°C for 10 min. The results 
were as shown in Table 2. 

35 
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Table 2 



35 



Substrate Action of enzyme 


Substrate Action of enzyme 


Glucose — 




Maltose + + 


Maltitol 


mi a l -4* #-v 4^ 4 _ 
MBltO triose 




Ma 1 a+* A & A — 
naXtULS Ll aUbK 


Maltulose 


fcjf 1 t^fc 

naixopeniaose 


Turanose - 


Maltohexaose — 


Paratinose 


naitonepuaose 


IXol id JL u^u&c 


Soluble starch - 


Lactose 


Amylose (average 
polymerization 
degree of 18 ) 


a-Glucose 1- 
phosphate plus 
glucose 


Trehalose + 


P-Glucose 1- 
phosphate plus 
glucose 


Neotrehalose 


Neotrehalose 




Gentiobiose 


Kojibiose 


Isomaltose 



Note : In the table, the symbol means that no change was 

observed before and after the enzymatic reaction; the 
symbol " + H , the size of the substrate spot was slightly 
reduced because of the formation of other products; and 
the symbol "4-+", the size of the substrate spot was 
considerably reduced because of the formation of other 
products . 



45 



As is evident from the results in Table 2, it was revealed that the present enzyme only acts on maltose 
and trehalose among other saccharides, and, especially, does not act on both a system containing glucose 
50 and a-glucose 1-phosphate or p-glucose 1-phosphate. These results concluded that the present enzyme is a 
novel enzyme differing from conventional maltose- and trehalose-phosphorylases. 

Experiment 5 
55 Products from maltose or trehalose 

Toanaqu ous maltose solution was add d 2 units/g maltos as a substrate, d.s.b., of amaltos -trehalos 
conv rting enzyme obtained by the method in Experiment 2 1 give a final substrate concentration of 5 w/v 
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%, and the resultant solutionwas subjected to an enzymatic reaction at 20°C and pH 7.0 for 24 hours. The 
saccharide composition of the resultant reaction mixture was analyzed on gas chromatography (hereinaft r 
abbreviated as "GLC"). A portion of the reaction mixtur was dried, dissolved in pyridine and trim thylsilyiated 
to obtain a product, a sample for analysis. The apparatus and conditions used in the GLC analysis were W CG- 
5 1 6A", a gas chromatograph commercialized by Shimadzu Corporation, Tokyo, Japan; a stainless-steel column, 
3 mm in diameter and 2 m in length, packed with 2% "SILICONE OV-17/CHROMOSORB W commercialized 
by GL Sciences Inc., Tokyo, Japan; a flow rate of 40 mi/min of nitrogen gas as a carrier gas; and a ratio of 
increasing temperature in an oven, 7.5°C/min ranging from 160°C to 320°C. The saccharide composition was 
analyzed on a hydrogen flame ionization detector. The results were as shown in Table 3. 

10 

Table 3 



Saccharide in 
reaction mixture 


GLC 


retention time 
(min) 


Saccharide 
composition (%) 


Glucose 


3. 


87 and 4.70 


4.9 


Maltose 


11. 


93 and 12.27 


22.3 


X 


12. 


34* 


72.8 



Note : The value of the symbol "*" accords with that of 
25 trehalose. 



As is evident from the results in Table 3, it was revealed that the product "X" formed in quantity, and the 

30 retention time accorded with that of a commercially available trehalose. In order to identify the product "X", 
the following confirmation test was conducted. Afresh preparation of the same aqueous maltose solution as 
used in the above was diluted with 20 mM acetate buffer (pH 4.5) to give a maltose concentration of 2 w/v %, 
and 0.5 ml of which was mixed with 0.1 unit of a glucoamylase specimen commercialized by Selkagaku-Kogyo 
Co., Ltd., Tokyo, Japan, followed by subjecting the mixture to an enzymatic reaction at40°C for 20 hours. 

35 Similarly, a fresh preparation of the same aqueous maltose solution as used in the above was diluted with 

20 mM acetate buffer (pH 7.0) to give a maltose concentration of 2 w/v %, and 0.5 ml of which was mixed with 
0.5 units of trehalase, followed by subjecting the mixture to an enzymatic reaction at 40°C for 20 hours. The 
intact aqueous maltose solution and the aqueous maltose solutions treated with glucoamylase and trehalase 
were analyzed on GLC, followed by studying the data to reveal that maltose was completely decomposed into 

40 glucoses by glucoamylase, but the product "X" remained intact 

When treated with trehalase, maltose remained intact, but the product "X" was completely decomposed 
into glucoses. In view of the reaction mechanisms of glucoamylase and trehalase, it was concluded that the 
present enzyme forms from maltose an oligosaccharide, i.e. trehalose. 

Furthermore, the purified enzyme according to the present invention was allowed to act on trehalose as 

45 a substrate under the same conditions as used in the case of maltose, and the resultant reaction mixture was 
analyzed on GLC. The data confirmed that the present enzyme forms maltose from trehalose. The results were 
as shown in Table 4. 



50 
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Table 4 



10 



15 



20 



25 



30 



35 



40 



45 



Substrate 



Maltose 



B(%) 



C(%) 



D(%) 



Glucose 
Maltose 
Trehalose 



Trehalose 



Glucose 
Maltose 
Trehalose 



4.9 
22-3 
72-8 

3.2 
17-2 
79.6 



27.9 
0.0 
72. 1 

19.9 
0.0 
80.1 



78.5 
21. 5 
0.0 

83.3 
16.7 
0.0 



Note 



In the table, the symb ol -A" ^^gS^I? the 
in the reaction «ni xtur ^ *J£ reaction mixture 
saccharide composition of ™ & . SYI »bol "C" , the 
£5*3 by the present « n *f%^ h ' r( 2£;ion mixture 
saccharide ^otmtlase- and the symbol "D", the 
treated with 9l™oea^**> trehalase. 
saccharide composition treatea w 

trehalose into maltose. 
Experiment 6 



t OUT M LGC". J*P a " Mi,,lpore LW - TOky °' abbreviated as "HPLC"). The apparatus 
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A9 is vident from the results in Table 5 f the conversion reaction of maltose into tr halose smoothly pro- 
ceeded independently on the maltos concentration in a conversion rate of about 80%. 

Experiment 7 

5 

Effect of temperature on trehalose formation 

A 20 w/v % maltose solution was mixed with 2 units/g maltose, d.s.b., of a purified maltose-trehalose con- 
verting enzyme obtained by the method in Experiment 2. and subjected to an enzymatic reaction at 5, 10, 15, 
10 20 or 25°C. During the enzymatic reaction, the reaction mixture was sampled at a prescribed time interval, 
and the samples were heated at 100°C for 10 min to inactivate the enzyme. Similarly as in Experiment 6, the 
saccharide composition of the sample was analyzed on HPLC. The trehalose contents in the samples, which 
had been sampled at different temperatures and reaction times, were as shown in Table 6. 



Table 6 



Reaction time (hour) 


Trehalose content (%) 


5°C 


10°C 


15°C 


20°C 


25°C 


2 


26.1 


28.9 


32.9 


34.6 


34.7 


6 


49.5 


54.3 


61.2 


62.0 


61.1 


23 


78.2 


79.5 


80.9 


79.2 


76.7 


48 


81.8 


80.9 


80.4 


76.6 


72.7 



As is evident from the results in Table 6, the trehalose formation rate tended to increase as the reaction 
temperature increased, and the conversion reaction from maltose into trehalose smoothly proceeded even at 
5°C in a trehalose conversion rate of about 82%. 

30 

Experiment 8 



Preparation of trehalose from maltose 

Ten parts by weight of maltose commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, 
Japan, was dissolved in 40 parts by weight of water, and the solution was mixed with 2 units/g maltose, d.s.b., 
of a purified maltose-trehalose converting enzyme obtained by the method in Experiment 2, and subjected to 
an enzymatic reaction at 15°C and pH 7.0 for 48 hours, followed by heating the resultant reaction mixture at 
100°C for 10 min to inactivate the remaining enzyme. The reaction mixture, containing about 74% trehalose, 
d.s.b., was decolored with an activated charcoal, desalted with ion-exchangers in H- and OH-form, concen- 
trated into an about 78 w/v % solution which was then mixed with 0.1% crystalline trehalose as a seed crystal, 
d.s.b., followed by allowing it to stand at ambient temperature overnight to effect crystallization. The resultant 
massecuite was separated into a crystal which was then sprayed and washed with a small amount of water, 
followed by the recovery of an about 3.0 parts by weight of a high-purity crystalline trehalose with a purity of 
99.8%, d.s.b. 



Experiment 9 
Production of enzyme 

One hundred ml aliquots of a liquid nutrient culture medium, consisting of 2.0 w/v % glucose, 1.0 w/v % 
ammonium sulfate, 0.1 w/v % dipotassium hydrogenphosphate, 0.06 w/v % sodium dihydrogenphosphate, 0.05 
w/v % magnesium sulfate, 0.3 w/v % calcium carbonate and water, were placed in 500-ml Erlenmeyer flasks, 
autoclaved at 115°C for 30 min to effect sterilization, cooled, and inoculated with a seed culture of Pseudo- 
monas putida (FERM BP-4579), followed by the culture at 27°C for 24 hours under stirring conditions of 200 
rpm. Th resultant cultures were pooled and used as a se d culture. 

About 20 L aliquot of a fresh preparation of the same liquid nutrient culture medium as used in th above 
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culture was plac d in a 30-L fermenter, sterilized, cool d to 27 Q C, and inoculated with on v/v % of the seed 
culture, followed by th culture und r stirring and aer bic conditions at 27°C and a pH of 6.5-8.0 for about 20 
hours. 

The activity of a maJtose-trehalose converting enzyme, accumulated in the resultant culture, was 0.12 
5 units/ml. A portion of the culture was centrifuged to separate cells and a supernatant, and the cells were sus- 
pended in 50 mM phosphate buffer (pH 7.0) to give the same volume of that of the portion, followed by assaying 
the enzyme activities in the ceil suspension and the supernatant to reveal 0.11 units/ml and 0.01 units/ml re- 
spectively. The enzyme activity was assayed at 35°C. 

10 Experiment 10 

Purification the enzyme 

The culture obtained in Experiment 9 was centrifuged to obtain an about 0.45 kg of wet cells which were 
is then suspended in 10 mM phosphate buffer (pH 7.0). About 2 L of the resultant ceil suspension was treated 
with "MINI-RABO", a super- pressure cell disrupting apparatus commercialized by Dainippon Pharmaceutical 
Co., Ltd., Tokyo, Japan, to disrupt cell, and the resultant mixture was centrifuged at 15,000xg for 30 min to 
obtain an about 1.7 L supernatant Ammonium sulfate was added to the supernatant and dissolved therein to 
give a saturation degree of 0.7, allowed to stand at 4°C for 4 hours, and centrifuged to obtain the resultant 
20 sediment 

The sediment was dissolved in 10 mM phosphate buffer (pH 7.0), and the solution was dialyzed against 
a fresh preparation of the same buffer for 24 hours, and centrifuged to remove insoluble substances. Four 
hundred ml of the dialyzed solution was divided into two portions, which were respectively subjected to ion- 
exchange column chromatography using a column packed with 300 ml of "DEAE-TOYOPEARL® GEL", a gel 

25 commercialized by Tosoh Corporation, Tokyo, Japan. 

The present maltose-trehalose converting enzyme adsorbed on the gel, and eluted therefrom with a fresh 
preparation of the same buffer supplemented with salt. The fractions with the enzyme activity were recovered, 
and subjected to ion-exchange column chromatography using a column packed with 80 ml of "DEAE- 
TOYO PEARL® GEL". The maitose-trehalose converting enzyme adsorbed on the gel was eluted therefrom 

30 with a liner gradient of salt ranging from 0.1 M to 0.3 M, followed by recovering fractions with the enzyme ac- 
tivity. 

The fractions were pooled and subjected to gel filtration column chromatography using a column packed 
with 400 ml of "TO YO- PEARL HW-55S", a gel commercialized by Tosoh Corporation, Tokyo, Japan, followed 
by recovering the eluted fractions with the enzyme activity. The total activity, specific activity and yield in each 
35 purification step are tabulated in Table 7. 
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Table 7 



Purification 
step 


Total enzyme* Specific Yield 
activity (units) activity (%) 
(units/mg protein) 


Supernatant after 
cell disruption 


1,750 


0.04 


100 


Dialyzed solution 
after salting out 


1,200 


0.07 


68.5 


First eluate from 
ion-exchange column 


1,090 


0.53 


62.3 


Second eluate from 
ion- exchange column 


360 


4.5 


20.6 


Eluate from gel 
filtration column 


156 


6.5 


8.9 



Note : The symbol means the present maltose- trehalose 

converting enzyme. 



30 The purified enzyme preparation was subjected to gel electrophoresis using 7.5 w/v % sodium dodecyl- 

sulfate polyacrylamide gel. and found as a single protein band which meant that it was a relatively-high purity 
preparation. 

Experiment 11 

35 

Property of enzyme 

A portion of a purified maltose-trehalose converting enzyme preparation, obtained by the method in Ex- 
periment 10, was electrophoresed by using a 7.5 w/v % sodium dodecylsulfate polyacrylamide gel, and deter- 
40 mined its molecular weight to be about 1 10,000-120,000 daltons by comparing it with those of marker proteins, 
commercialized by Japan Bio-Rad Laboratories, Tokyo, Japan, which had been simultaneously electrophor- 
esed. 

Another portion of the purified maltose-trehalose converting enzyme preparation was isoelectrophoresed 
by using a polyacrylamide gel containing 2 w/v % "AMPHOLINE", an ampholyte commercialized by Pharmacia 

45 LKB Biotechnology AB, Uppsala, Sweden. Thereafter, the resultant gel was sliced into pieces, followed by 
measuring their pHs to reveal the pi of the enzyme being about 4.1-5.1. 

Effects of temperature and pH on the activity of the present enzyme were studied in accordance with the 
method as used for assaying the enzyme activity. The results were respectively shown in FIG. 5 (effect of tem- 
perature) and FIG. 6 (effect of pH). The optimum temperature of the enzyme was about 20°C when incubated 

so at pH 7.0 for 60 min and the optimum pH was about 7.3-8.3 when incubated at 35°C for 60 min. The thermal 
stability of the enzyme was determined by incubating it in containers with 50 mM phosphate buffers (pH 7.0) 
at different temperatures for 60 min, cooling the resultant buffers in the containers with cold water, and assay- 
ing the residual enzyme activity in each buffer. The pH stability of the enzyme was determined by incubating 
it in 50 mM phosphate buffers having different pHs at 35°C for 60 min, adjusting the resultant buffers to pH 

55 7.0, and assaying the residual enzyme activity in each buffer. The results of the thermal- and pH-stabilities of 
th nzyme were respectively shown in FIG.s 7 and 8. The enzyme was stable up to a temperature of about 
40°C and stable at a pH of about 6.0-9.5. One mM Cu ++ or Hg ++ and 50 mM Tris-HCI buffer were inhibitory to 
the present enzyme. 
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Experiment 12 
Action on saccharides 



Experiment 13 

To a solution containing 5, 10 2Qarin°/ ma . f ^ 
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As is evident from th results in Table 8, the present enzyme formed trehalose from maltos in a yield of 
about 70% ind pendently on th cone ntrati n of maltose as a substrate. 

Experiment 14 

Preparation of trehalose from maltose 

Ten parts by weight of maltose commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, 
Japan, was dissolved in 40 parts by weight of water, and the solution was mixed with 2 units/g maltose, d.s.b., 
of the present purified maltose-trehalose converting enzyme, and subjected to an enzymatic reaction at 35°C 
and pH 7.0 for 48 hours, followed by heating the resultant reaction mixture at 100°C for 10 min to inactivate 
the remaining enzyme. The reaction mixture, containing about 69% trehalose, d.s.b., was decolored with an 
activated charcoal, desalted with ion-exchangers in H- and OH-form, and concentrated into an about 78 w/v 
% solution which was then mixed with 0.1% crystalline trehalose as a seed crystal, d.s.b., followed by allowing 
it to stand at ambient temperature overnight to effect crystallization. The resultant massecuite was separated 
into a crystal which was then sprayed and washed with a small amount of water, followed by the recovery of 
an about 2.3 parts by weight of a high-purity crystalline trehalose with a purity of 99.7%, d.s.b. 

Experiment 15 

Production of enzyme 

One hundred ml aliquots of a liquid nutrient culture medium, consisting of 0.5 w/v % polypeptone, 0.1 w/v 
% yeast extract, 0.07 w/v % sodium nitrate, 0.01 w/v % dipotassium hydrogen phosphate, 0.02 w/v % magne- 
sium sulfate, 0.01 w/v % calcium chloride and water, were adjusted to pH 7.5, placed in 500-ml Erlenmeyer 
flasks, autoclaved at 1 20°C for 20 min to effect sterilization, cooled, and inoculated with a seed culture of Ther- 
mus aquaticus (ATCC 33923), followed by the culture at 60°C for 24 hours under stirring conditions of 200 
rpm. The resultant cultures were pooled and used as a seed culture. 

About 20 L aliquots of a fresh preparation of the same liquid nutrient culture medium as used in the above 
culture were placed in two 36-L fermenters, sterilized, cooled to 60°C, and inoculated with one v/v % of the 
seed culture, followed by the culture under stirring and aerobic conditions at 60°C and a pH of 6.5-8.0 for about 
20 hours. 

The activity of a maltose-trehalose converting enzyme, accumulated in the resultant culture, was 0.35 
units/ml. A portion of the culture was centrifuged to separate cells and a supernatant, and the cells were sus- 
pended in 50 mM phosphate buffer (pH 7.0) to give the same volume of that of the portion, followed by assaying 
the enzyme activities In the cell suspension and the supernatant to reveal 0.33 units/ml and 0.02 units/ml re- 
spectively. The enzyme activity was assayed at 60°C. 

Experiment 16 

Purification the enzyme 

The culture obtained in Experiment 1 5 was centrifuged to obtain an about 0.28 kg of wet ceils which were 
then suspended in 10 mM phosphate buffer (pH 7.0). About 1.9 L of the resultant cell suspension was treated 
with "MODEL US300", an ultrasonic disintegrator commercialized by Nippon Seiki Co., Ltd., Niigata, Japan, 
to disrupt cells. The resultant mixture was centrifuged at 15 p 000xg for 30 min to obtain an about 1.8 L super- 
natant. Ammonium sulfate was added to the supernatant and dissolved therein to give a saturation degree of 
0.7, and the solution was allowed to stand at4°C for 4 hours, and centrifuged to obtain the resultant sediment. 

The sediment was dissolved in 10 mM phosphate buffer (pH 7.0), and the solution was dialyzed against 
a fresh preparation of the same buffer for 24 hours, and centrifuged to remove insoluble substances. The di- 
alyzed solution, 1 ,560 ml by volume, was divided into three portions which were respectively subjected to ion- 
exchange column chromatography using a column packed with 530 ml of "DEAE-TOYOPEARL® 650 GEL", 
a gel commercialized by Tosoh Corporation, Tokyo. Japan. 

The present maltose-trehalose converting enzyme adsorbed on the gel and eluted therefrom with a fresh 
preparation of the same buffer supplemented with salt. The fractions with the enzyme activity were recovered, 
dialyzed against a fresh preparation of the same buffer supplemented with one M ammonium sulfate, and sub- 
jected to hydrophobic column chromatography using a column packed with 380 ml of "BUTYL-TOYOPEARL® 
650 GEL", a hydrophobic gel commercialized by Tosoh Corporation, Tokyo, Japan. The maJtose-trehalos con- 
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verting enzyme adsorbed on the gel was eluted therefrom with a liner gradient of salt ranging from 1 MtoO 
M, followed by r covering f racti ns with the enzym activity. 

The fractions were pooled and subjected to gel filtration column chromatography using a column packed 
with 380 ml of TO YO PEARL HW-55S", a gel commercialized by Tosoh Corporation. Tokyo, Japan, followed 
by recovering the eluted fractions with the enzyme activity. 

The fractions were pooled and subjected to lonexchange chromatography using a column paced with 1.0 
ml of "MONO Q HR5/5" commercialized by Pharmacia LKB Biotechnology AB, Uppsala, Sweden. The enzyme 
was eluted from the column with a liner gradient of salt ranging from 0.1 M to 0.35 M, followed by recovering 
fractions with the enzyme activity. The total activity, specific activity and yield in each purification step are 
tabulated in Table 9. 



Table 9 



Purification 
step 


Total enzyme* Specific Yield 
activity (units) activity (%) 
(units/mg protein) 


Supernatant after 
cell disruption 


8, 800 




0.10 


100 


Dialyzed solution 
after salting out 


8,710 




0.16 


99.0 


Eluate from 
ion-exchange column 


5,690 




2.5 


64.7 


Eluate from 
hydrophobic column 


2,050 




17.6 


23.3 


Eluate from gel 
filtration column 


937 




113 


10.6 


Eluate from 

ion -exchange column 


467 




135 


5,3 



Note ; The symbol "* M means the present maltose-trehalose 
converting enzyme. 



The purified enzyme preparation was subjected to gel electrophoresis using 5 w/v % sodium dodecyisul- 
fate polyacrylamide gel to show a single protein band. This meant that it was a relatively-high purity preparation. 

Experiment 1 7 
Property of enzyme 

A portion of a purified maltose-trehalose converting enzyme preparation, obtained by the method in Ex- 
periment 16, was electrophoreses on a gel containing 7.5 w/v % sodium dodecyisulfate polyacrylamide gel, 
and determined its molecular weight to be about 100,000-1 10,000 daltons by comparing it with those of marker 
proteins, commercialized by Japan Bio-Rad Laboratories, Tokyo, Japan, which had been simultaneously elec- 
tro phoresed. 

Another portion of the purified maltose-trehalose converting enzyme preparation was isoelectrophoresed 
on a polyacrylamide gel containing 2 w/v % "AMPHOLINE*. an ampholyte commercialized by Pharmacia LKB 
Biotechnology AB, Uppsala, Sw d n. Thereaft r, the resultant gel was sliced into pieces, followed by meas- 
uring their pHs to reveal the pi of the enzyme being about 3.8-4.8. 



26 



EP 0 636 693 A2 



m f^H SOl ll ^P 8 " 9 * 0 ™ 8 "^" 0 "^ activity of the present nzyme were 3tudied in accordanc with the 
deferent temperatures for 60 mln. cooiing the test tubes with cold water, and a^^r^S 

a pH of about 5.5-9.5. One mM Cu~ or Hg~ and 50 mM Tris-HCi buffer were inhibitory to the pr^ent Syme 
Experiment 18 



Action on saccharides 



A variety of saccharides were tested for determining whether they could be used as a substrate for th« 
present enzyme from Thermus amicus (ATCC 33923). obtained in accordance with Hie methocMn Expert 
ment 4 except for settmg the reaction temperature to 50"C. Similarly as the enzymes from SStoSSJS 

Experiment 19 

Influence o f maltose concentration on the formation of trehalose 

mai t^£2£ n 00ntaln ' + n9 2 - 5 ' 5 ' 10 ' 20 " «°* mal ^« was added 2.5 units/g maltose, d.s.b.. of a purified 
maltose-trehalose convert.ng enzyme derived from Thermos aquaticus (ATCC 33923) obtained by the method 
h Experiment 16. and the solution was subjected to an enzymatic reaction at 60-C and ^ S The reactiS 
mixture was sampled at 72 hours after the initiation of the enzymatic reaction, and heated to ina^te S 
remamfog enzyme at 1 00'C for 30. The sample was determined on the reducing power and saccSdel^ 
po Sl t.on s.m,larly as in Experiment 6. The results were as shown in Table 10 saccnar.de com- 
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As is vident from the results in Tabl 10, the present enzyme formed trehalose from maltose in a yield 
of about 70% independ ntly on th concentration f maltose as a substrat . 

Experiment 20 

5 

Influence of temperature on the formation of trehalose 

To 20% maltose solution having pH 6.5 was added 2.5 units/g maltose, d.s.b., of a mattose-trehalose con- 
verting enzyme derived from Thermus aquaticus (ATCC 33923) obtained by the method in Experiment 1 6, and 
10 the mixture was subjected to an enzymatic reaction at 40, 50 60 or 70°C while sampling at a prescribed time 
interval. The samples were heated at 100°C for 30 min to inactivate the remaining enzyme. The resultant re- 
action mixtures were analyzed on their saccharide compositions on HPLC similarly as in Experiment 6. The 
trehalose content at different temperatures and reaction times were as shown in Table 1 1 . 



Table 11 



15 



20 



Reaction time (hour) 


Trehalose content (%) 




40°C 


50°C 


60°C 


70°C 


4 


45.0 


55.7 


56.8 


50.3 


8 


61.0 


67.3 


64.3 


58.5 


24 


79.1 


76.5 


71.1 


64.3 


48 


80.7 


76.9 


70.2 


62.8 


72 


80.0 


76.4 


68.5 


60.2 



As is evident from the results in Table 11. the lower the enzymatic reaction temperature, the higher the 
conversion rate of maltose into trehalose. The enzyme converted maltose into trehalose in a conversion rate 
30 of about 80%. 

Experiment 21 

Production and property of maltose-trehalose converting enzyme from microorganism 

35 

Among conventional microorganisms, a microorganism which had been confirmed its ability to form the 
present maltose-trehalose converting enzyme was incubated In an Erlenmeyer flask for 48 hours in accor- 
dance with Experiment 15. After analyzed the enzyme activity, the resultant culture was subjected to a cell 
disrupting apparatus in accordance with Experiment 16. From the resultant mixture a supernatant was pre- 
40 pared and dialyzed to obtain a partially purified enzyme, followed by analyzing the property in accordance with 
Experiment 17. The results were as shown in Table 12. 
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Partially purifi d nzymes deriv d from known microorganisms of the genus Thermus as shown in Table 
12 w r studied n th ir action on a variety f saccharides in accordance with the m thod in Exp riment 18. 
As a result, it was reveal d that similarly as the nzyme derived from Thermus aquaticus (ATCC 33923) the 
partially purified enzymes specifically acted on maltose and trehalose, and formed trehalose from maltose. 
5 It was revealed that the maltose-trehalose converting enzyme derived from Thermus ruber (ATCC 35948) 

showed a lower optimum temperature and a lower stable temperature than that of Thermus aquaticus (ATCC 
33923), while the enzymes derived from microorganisms of the genus Thermus had approximately the same 
property of that of Thermus aquaticus (ATCC 33923) as well as having a relatively-high thermal stability. 

10 Experiment 22 

Partial amino acid sequence of maltose-trehalose converting enzyme 

A portion of a purified enzyme preparation derived from .P/me/obacfersp. R48 obtained by the method in 
is Experiment 2, Pseudomonas putlda H262 obtained by the method in Experiment 10, or Thermus aquaticus 
(ATCC 33923) obtained by the method in Experiment 16 was dialyzed against distilled water, and an about 
80ug protein of the resultant was used as a sample for analyzing a partial amino acid sequence containing the 
N-terminal of the enzyme. The N-terminal was analyzed on "PROTEIN SEQUENCER MODEL 473A", a protein 
sequencer commercialized by Applied Biosystems Inc., Foster City, USA. The partial amino acid sequence con- 
20 taining the N-terminal of each enzyme was as shown in Table 13. 



25 



30 



45 



Table 13 



Microorganism Partial amino acid sequence containing 

the N-terminal 

Gly-Lys-Try-Pro-Arg-Pro-Ala-Ala-Phe-Ile- 
PseucLomonas putlda 15 10 
H262 Asp 

Ser-Thr-Val-Leu-Gly-Glu-Glu-Pro-Glu-Trp- 
35 Plmelobacter sp. 1 5 10 

R48 Phe-Arg-Thr-Ala-Val-Phe-Tyr-Glu 

15 

Met- Asp-Pro- Leu-Try-Try- Lys- Asp-Ala- Val - 

40 Thermus aqua tlcus i 5 10 

ATCC 33923 Ile-Try-Gln 



Note : In the Table, each figure means the number of amino 
acids counted from the N-terminal of each partial 
amino acid sequence. 



so As is evident from the results in Table 1 3, it was revealed that the enzymes derived from Pimelobacter sp. 

R48, Pseudomonas putida H262 and Thermus aquaticus (ATCC 33923) had partial amino acid sequences 
which were highly homologous. A relatively- high homology was found between a partial amino acid sequence 
ranging from the 10th amino acid of "Trp B to the 16th amino acid of "Phe" derived from a microorganism of the 
genus Pimelobacter and that ranging from the 3rd amino acid of Tip" to the 9th amino acid of "Phe" derived 

55 from a microorganism of the genus Pseudomonas. The partial amino acid sequence can be expressed by Trp- 
XTArg-Xz-Ala-Xg-Phe (where the symbol "X/ means "Phe* or "Pro"; the symbol "X/. Thr" or "Pro"); and the 
symbol "X 3 ", "Varor^Ala"). Ar latively-high homology was found betwe n a partial amin acidsequ nc rang- 
ing from the 14th amino acid of "Ala" to the 1 7th amino acid of Tyr" derived from a microorganism of the genus 
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Pimelobacter and that ranging from th 9th amino acid of "Ala" to th 1 2th amino acid f Tyr" derived from a 
microorganism of the genus Thermus. Th partial amin acid s quenc can be expressed by Ala-Val-XrTry 
(wher th symbol "X*" means "Phe" or "II "). 

5 Experiment 23 

Physicochemicai property of trehalose 

Ahigh-purity trehalose specimen prepared by the method in Experiment 8 was studied on its physicochem- 
10 ical property. As a result, the melting point was determined as 97.0°C f the specific rotation was [a] f +1 99°C 
(c=5), the heat effusion was 57.8kJ/mole, and the solubility in water at 25°C was 77.0g for anhydrous treha- 
lose. These data well agreed with those of a commercially available hydrous crystalline trehalose purchased 
from Wako Pure Chemical Industries, Ltd., Tokyo. Japan, which had been experimented along with the above 
experiments. 

15 

Experiment 24 
Utilization test in vivo 

20 In accordance with the method as reported by H. Atsuji et al. in Journal of Ciinicai Nutrition, Vol.41 , No.2, 

pp.200-208 (1972), 30g of the high-purity trehalose specimen with a purity of 99.8%, d.s.b., in Experiment 8 
was prepared into a 20 w/v % aqueous solution which was then orally administered to 3 healthy male volunteers 
of 26-, 27- and 30-year-old, and their bloods were sampled at prescribed time intervals, followed by the meas- 
urements of the blood sugar- and Insulin-levels. As a control glucose was used. As a result, trehalose behaved 

25 similarly as glucose, and the maxima of blood sugar- and insulin-levels were observed at an about 0.5-1 hour 
after the administration. This revealed that the present trehalose is readily digested, absorbed and metabolized 
by living bodies and utilized as an energy source. Thus, the present trehalose and saccharide composition con- 
taining the same are suitably used as an energy-supplementing saccharide. 

30 Experiment 25 

Acute toxicity test 

By using mice, the high-purity trehalose specimen with a purity of 99.8%, d.s.b., prepared in Experiment 
35 8 was orally administered to the mice for its acute toxicity test. The result revealed that the present trehalose 
is a relatively-low toxic substance, and no mouse died even when administered with the highest level of dose 
administrate to the mice. Though it is not so accurate, the LD M was determined to be 50 gikg or higher. 

The present trehalose and saccharide composition containing the same, prepared with the present mal- 
tose-trehalose converting enzyme, as well as their preparations, are illustrated in Example A. The present com- 
40 positions containing either the trehalose or the saccharide composition containing the same are illustrated in 
Example B: 

Example A- 1 

45 In accordance with the method in Experiment 1, a seed culture of a microorganism of the species Pime- 

lobacter sp. R48 (FERM BP-4315) was cultured by a fenmenterfor about 60 hours under aeration and agitation 
conditions in a fresh preparation of the same nutrient culture medium as used in Experiment 1 except for ad- 
justing the glucose concentration to 4.0 w/v %. The activity of the present maltose-trehalose converting en- 
zyme in the resultant culture was 0.75 units/ml. A portion of the culture was centrif ugally separated into cells 

50 and a culture supernatant which were then assayed their enzyme activity. As a result, about 65% of the enzyme 
activity was observed in the cells and about 35% of the enzyme activity was observed in the culture super- 
natant. An about 35 L culture containing cells was treated with "MINI-RABO w , a supper high-pressure cell dis- 
rupting apparatus commercialized by Dainippon Pharmaceutical Co., Ltd., Tokyo, Japan, to disrupt the cells. 
The resultant cell suspension was centrif uged to obtain a supernatant which was then membrane filtered with 

55 a UF-membrane, followed by recovering an about 1 .2 L concentrate containing about 15 units/ml of the present 
maltose-trehalose conv rting enzyme. 

To a 10 w/v % suspension (pH 5.5) of potat starch was added 2 units/g starch, d.s.b., of "SPITASE HS", 
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an a-amylase specimen commercialized by Nagase Biochemicals Ltd., Kyoto, Japan, and the resultant mixture 
wasg latinized and liquefied und r stirring and heating conditions, foil wed by immediately keeping the mix- 
tur at 120°C for 20 min and adjusting the resultant to 50°C and pH 5.0. The mixture thus btained was mixed 
with 20 units/g starch, d.s.b., of a p-amylas sp cim n comm rciallz d by Nagas Biochemicals Ltd.. Kyoto. 
Japan and 500 units/g starch, d.s.b., of an isoamylase specimen commercialized by Hayashibara Biochemical 
Laboratories, Inc., Okayama. Japan, and the resultant mixture was subjected to an enzymatic reaction for 24 
hours to obtain a saccharide solution containing about 92 w/v % maltose. The reaction mixture was heated at 
100°Cfor20 min, heated to 10<»C, adjusted to pH 7.0, mixed with one unit/g dry matter of the maltose-trehalose 
converting enzyme prepared in the above, and subjected to an enzymatic reaction for 96 hours. 

The reaction mixture was kept at 95°C for 10 min, cooled, decolored and filtered in usual manner with an 
activated charcoal. The filtrate was purified by desalting it with ion exchangers in H- and OH-form, and con- 
centrated to obtain a syrup with a concentration of about 70 w/v % in a yield of about 95%. d.s.b. 

The product, containing about 69% trehalose, d.s.b., and having a reducing power as low as DE 18.2, has 
a mild sweetness as well as an appropriate viscosity and moisture-retaining ability, and because of these it is 
suitably used as a sweetener, taste-improving agent, stabilizer, diluent, excipient and filler in a variety of com- 
positions such as food products, cosmetics and pharmaceuticals. 

Example A-2 

Areaction mixture, wherein an enzymatic reaction of a maltose-trehalose conversion had been suspended, 
was prepared by the method in Example A-1 , mixed with 1 0 units/g "GLUCOZYME", a glucoamyiase commer- 
cialized by Nagase Biochemicals. Ltd.. Kyoto. Japan, and subjected to an enzymatic reaction at pH 5.0 and 
50°C for 24 hours. The resultant reaction mixture was heated to inactivate the remaining enzyme, decolored, 
desalted and purified to obtain a saccharide solution as a feed solution. The saccharide solution was subjected 
to ion-exchange column chromatography using "XT-1016 (NaT-form, polymerization degree of 4%)" commer- 
cialized by Tokyo Organic Chemical Industries, Ltd., Tokyo, Japan. The resins were packed in 4-jacketed stain- 
less-steel columns, having an inner diameter of 5.4 cm, cascaded in series to give a total gel-bed-depth of 20 

While keeping the inner column temperature at 60°C, the saccharide solution was fed to the columns in 
an amount of 5 v/v %, fractionated by feeding to the columns 60°C hot water at SV (space velocity) 0 15 to 
remove glucose, followed by recovering a high trehalose content fractions. The fractions were pooled purified, 
concentrated, dried in vacuo and pulverized to obtain a high trehalose content powder in a yield of about 55 X>, 

d S " The product, containing about 97% trehalose, d.s.b., and having a satisfactorily-low reducing power as 
well as a mild and high-quality sweetness, can be arbitrarily used as a sweetener, taste-improving agent qual- 
ity-improving agent, stabilizer, diluent, excipient and filler in a variety of compositions such as food products, 
cosmetics and pharmaceuticals. 

Example A-3 

A high trehalose content fraction obtained by the method in Example A-2 was in usual manner decolored 
with an activated charcoal, desalted and purified with an ion-exchanger. The filtrate was concentrated into an 
about 70 w/v % solution which was then placed in a crystallizer. admixed with about 2% hydrous crystalline 
trehalose as a seed crystal, and gradually cooled to obtain a massecuite with a crystallinity of about 45% The 
45 massecuite was sprayed from a nozzle equipped at the top of a drying tower at a high pressure of 1 50 kg/cm*. 
In the spraying step, the massecuite was simultaneously ventilated with 85°C hot air being sent from the top 
of the drying tower, and the resultant crystalline powder was collected on a metal wire netting conveyer pro- 
vided on the basement of the drying tower, and gradually moved out from the drying tower while a stream of 
45°C air was passing upwards through the metal wire netting. The resultant crystalline powder was injected 
50 in an ageing tower and aged for 10 hours to complete the crystallization and drying, followed by recovering 
the resultant hydrous crystalline trehalose powder in a yield of about 90% against the material high trehalose 
content fraction, d.s.b. , 

The product is substantially non-hygroscopic and handles easily, and these render it arbitrarily useful in 
a variety of compositions such as food products, cosmetics and pharmaceuticals as a sweetener, taste- 
55 improving agent, quality-improving agent and stabilizer. 
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Example A-4 

A high trehalose content fraction obtained by th method in Example A-2 was purified similarly as in Ex- 
ample A-3, and the resultant was placed in an evaporator, and boiled up in vacuo to obtain a syrup with a mois- 
5 ture content of about 3.0%. The resultant syrup was placed in a crystallizer, admixed with one % anhydrous 
crystalline trehalose against the syrup, d.s.b., and crystallized at 120°C under stirring conditions, and the re- 
sultant mixture was placed in a aluminum plain container and aged at 100°C for 6 hours to form a block. 

The resultant block wa9 pulverized by a cutter and dried by a f!uidized-bed drying to obtain an anhydrous 
crystalline trehalose powder with a moisture content of about 0.3% in a yield of about 85% against the material 
10 high trehalose content fraction, d.s.b. 

The product can be arbitrarily used as a desiccant in food products, cosmetics, pharmaceuticals, and their 
materials and intermediates, and also can be used as a white powdery sweetener in a variety of compositions 
such as food products, cosmetics and pharmaceuticals. 

15 Example A-5 

In accordance with the method in Experiment 1, a seed culture of Pimeiobacter sp. R48 (FERM BP-4315) 
was inoculated to and cultured in a nutrient culture medium, and the resultant culture was centrif uged to obtain 
100 g wet cells, having an activity of about 800 units of the present enzyme, which were then kneaded with 

20 1 00 ml of 1 0 mM phosphate buffer in which 2.5% sodium alginate, having a viscosity of 300-400 cp f commer- 
cialized by Wako Pure Chemical Industries, Ltd., Tokyo, Japan, was previously dissolved in 10 mM phosphate 
buffer. The resultant slurry containing the cells was successively dropped Into 0.1 M calcium chloride solution 
stirred by a magnetic stirrer from a height of about 20 cm above the surface of the solution to form spherical 
gels having a diameter of about 2 mm. The gels were allowed to stand in the solution at ambient temperature 

25 for about 2 hours and filtered with a Buchner funnel, followed by recovering cells immobilized with alginate. 
The resultant immobilized cells were packed in a jacketed glass-column, 30 mm in diameter and 200 mm in 
length, and the column was heated and kept at 20°C. A 40% maltose solution (pH 6.8) was fed to the column 
at SV 0.2 to flow it downward to obtain a saccharide solution containing about 70% trehalose, d.s.b. The sac- 
charide solution thus obtained was purified and concentrated to obtain a syrup with a concentration of about 

30 70% in a yield of about 95%, d.s.b. 

The product has a relatively-low reducing power and a mild sweetness as well as an appropriate moisture- 
retaining ability, and because of these it can be arbitrarily used in a variety of compositions similarly as the 
product in Example A-1 . 

35 Example A- 6 

A 33% corn starch suspension was mixed with calcium carbonate to give a final concentration of 0.1%, 
and the mixture was adjusted to pH 6.5 which was then mixed with 0.2 units/g starch, d.s.b., of TERM AM YL 
60L", an a-amytase specimen commercialized by Novo Industri A/S Copenhagen Denmark, and subjected to 

40 an enzymatic reaction at 95°C for 15 mln. The reaction mixture was autoclaved at 1 20°C for 30 min, cooled to 
55°C, admixed with 500 units/g starch, d.s.b., of an isoamylase specimen commercialized by Hayashibara Bio- 
chemical Laboratories, Inc., Okayama, Japan, and 30 units/g starch, d.s.b., of a p-amylase specimen commer- 
cialized by Nagase Biochemicals Ltd., Kyoto, Japan, and subjected to an enzymatic reaction for 48 hours, fol- 
lowed by recovering a saccharide solution with a maltose content of about 84%, d.s.b. The saccharide solution 

45 was kept at 100 C for 10 min. cooled to 15°C, mixed with 1.5 units/g starch, d.s.b., of the present maltose- 
trehaiose converting enzyme obtained by the method in Example A-1 , and subjected to an enzymatic reaction 
for 72 hours. The resultant reaction mixture was heated at 1 00°C for 1 5 min to inactivate the remaining enzyme 
and decolored in usual manner with an activated charcoal, desalted and purified with an ion-exchanger, fol- 
lowed by concentrating the resultant to obtain a syrup with a concentration of about 70% in a yield of about 

50 95%, d.s.b. 

The product contains about 64% trehalose, d.s.b., and has a relatively-low reducing power and a mild 
sweetness as well as an appropriate moisture-retaining ability, and because of these it can be arbitrarily used 
in a variety of compositions similarly as the product in Example A-1 . 

55 Example A-7 

A syrup obtained by th method in Example A-5 was concentrat d into an about 82% syrup which was 
then placed in a crystallizer, admixed with an about one % se d crystal, transferred to a plain vessel, and al- 
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lowed to stand at 20°C for 4 days to effect crystallization. The resultant crystal was pulv riz d by a cutter and 
dried to obtain a massecuite-type hydrous crystalline trehalos powder in a yield of ab ut 95%, d.s.b. 

The product does not substantially exhibit hygroscopicity and handles easily, and because of these it can 
be arbitrarily used similarly as the product in Example A-1 in a variety of compositions. 

5 

Example A- 8 

A syrup obtained by the method in Example A-6 was concentrated into an about 80% syrup which was 
then placed in a crystallizer, admixed with an about one % of hydrous crystalline trehalose as a seed crystal, 
10 and cooled under stirring conditions to effect crystallization. The resultant was separated with a basket-type 
centrifuge to obtain a crystal which was then sprayed with a small amount of cold water to obtain a high-purity 
hydrous crystalline trehalose in a yield of about 20%, d.s.b. 

The product which exhibits the same physicochemlcal properties as shown in Experiment 23 can be ar- 
bitrarily used as a sweetener, taste- improving agent, quality- improving agent, stabilizer in a variety of compo- 
15 sitions such as food products, cosmetics and pharmaceuticals, as well as industrial reagents and chemical 
materials. 

Example A-9 

20 A seed culture of Pseudomonas putida H262 (FERM BP-4579) was inoculated in a nutrient culture me- 

dium, and, in accordance with the method in Experiment 9, fermented by a fermentor for about 20 hours under 
stirring and aerobic conditions. An about 18 L of the resultant culture was centrifuged to obtain an about 0.4 
kg wet cells which were then suspended in 4 L of 10 mM phosphate buffer, treated with "MODEL US300", an 
ultrasonic disintegrator commercialized by Nippon Seiki Co., Ltd., Niigata, Japan, to disrupt cells. The resultant 

25 mixture was centrifuged to obtain a supernatant which was then concentrated with a UF-membrane, followed 
by recovering an about 400 ml of a concentrated enzyme solution containing 3.8 units/ml of a maltose-trehalose 
converting enzyme. Ten % potato suspension (pH 5.5) was mixed with 2 units/g starch, d.s.b.. of "SPITASE 
HS", an a-amylase specimen commercialized by Nagase Biochemicals, Ltd., Kyoto, Japan, gelatinized and 
liquefied by heating under stirring conditions, followed by autoclaving at 120°C for 20 min, cooling to 50°C and 

30 adjusting to pH 5.5. To the resultant mixture was added 500 units/g starch, d.s.b., of a pultulanase specimen 
commercialized by Hayashlbara Biochemical Laboratories, inc., Okayama, Japan, and 20 unlts/g starch, d.s.b., 
of a p-amyiase specimen commercialized by Nagase Biochemicals, Ltd., Kyoto, Japan, and subjected to an 
enzymatic reaction for 24 hours, followed by recovering a saccharide solution containing about 92% maltose. 
The saccharide solution was heated at 100°C for 20 min, adjusted to 40°C and pH 7.0, mixed with 1.5 units/g 

35 of the maltose-trehalose converting enzyme prepared in the above, and subjected to an enzymatic reaction 
for 72 hours. The reaction mixture was heated at 95°C for 10 min, cooled, and, in usual manner, decolored 
and filtered with an activate charcoal, followed by desalting and purifying the resultant with ion-exchangers in 
H- and OH-form, and concentrating the resultant solution to obtain a syrup with a concentration of about 70 
w/v % in a yield of about 97%, d.s.b. The product contained about 65% trehalose, d.s.b., and had a relatively- 

40 low reducing power as low as DE 16.2, as well as having a moderate sweetness and an adequate viscosity 
and moisture-retaining ability, and because of these it can be arbitrarily used as a sweetener, taste-improving 
agent, stabilizer, filler, diluent and excipient in a variety of compositions such as food products, cosmetics and 
pharmaceuticals. 

45 Example A- 10 

A post-reaction mixture of maltose-trehalose converting enzyme obtained by the method in Example A-9 
was heated at 95°C for 10 min to inactivate the remaining enzyme, adjusted to pH 5.0 and 55°C, mixed with 
10 units/g starch, d.s.b., of "GLUCOZYME", a glucoamyiase specimen commercialized by Nagase Biochem- 

so icals, Ltd., Kyoto, Japan, and subjected to an enzymatic reaction for 24 hours. The reaction mixture was in 
usual manner heated to inactivate the remaining enzyme, decolored, desalted, purified, concentrated into a 
55% saccharide solution. Similarly as in Example A-2, the resultant saccharide solution was subjected to col- 
umn chromatography using "DOWEX 99 (Ca+Mbrm, polymerization degree of 6%)", an alkaline-earth metal 
strong-acid cation exchanger commercialized by Dow Chemical Co., Midland. Michigan, USA, followed by re- 

55 covering high trehalose content fractions. The fractions were pooled, purified and continuously crystallized 
while concentrating, and th resultant masseculte was separated by a basket-type centrifuge, follow d by 
spraying the resultant crystal with a small am unt of water to obtain a high purity hydrous crystallin tr halos 
in a yield of about 25%, d.s.b. The product exhibits th same physicochemical properties as the product in Ex- 
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periment 23, and, similarly as the product in Example A-8, it can be arbitrarily used in a variety of compositions 
such as food products, cosmetics and pharmaceuticals, as well as industrial reagents and chemical mat rials. 

Example A-11 

5 

A seed culture of Pseudomonas putfda H262 (FERM BP-4579) was culture in a nutrient culture medium 
similarly as in Experiment 9, and the resultant cells were recovered by centrif ugation to obtain 1 00 g wet cells 
having a maltose-trehalose converting enzyme activity of about 400 units which were then kneaded with 100 
ml of 10 mM phosphate buffer in which 2.5% sodium alginate having a viscosity of 300-400 cp had been dis- 

10 solved. The slurry containing the ceils were continuously dropped into 0.1 M CaCI 2 solution stirred by a mag- 
netic stirrer from a height of about 20 cm above the surface of the solution to form spherical gels having a 
diameter of about 2 mm. The gels were kept in the CaCI 2 solution at ambient temperature for about 2 hours, 
filtered with a Buchner funnel to obtain cells immobilized with sodium alginate. The immobilized cells were 
packed in a jacketed glass-column having a diameter of 30 mm and a length of 200 mm and kept at 35°C. The 

15 column was fed with a downstream of 40% maltose solution (pH 6.8) at SV 0.1 to obtain a 67% trehalose sol- 
ution. In accordance with the method in Example A-9, the trehalose solution was purified, concentrated, crys- 
tallized, and spray dried to obtain a massecuite-type hydrous crystalline trehalose powder in a yield of about 
90%, d.s.b. The product has a relatively-low reducing power, a mild sweetness and an adequate moisture-re- 
taining ability, and because of these it can be arbitrarily used as a variety of compositions similarly as the prod- 

20 uct in Example A-9. 

Example A-1 2 

A seed culture of Thermus aquaticus (ATCC 33923) was inoculated in a nutrient culture medium, and, in 
25 accordance with the method in Experiment 1 5, cultured for about 20 hours under agitation-aeration conditions. 
The culture had an activity of about 0.32 units/ml of a maltose-trehalose converting enzyme. 0.18 kg wet cells 
recovered from an about 18 L of the culture were suspended in 10 mM phosphate buffer (pH 7.0). An about 
1 .5 L of the cell suspension was treated with an ultrasonic disintegrator to disrupt the cells. The resultant cell 
debris was centrif uged, and the supernatant was recovered which was then concentrated with a UF-membrane 
30 to obtain an about 500 ml concentrate having an activity of about 1 0 units/ml of a maltose-trehalose converting 
enzyme. To 15% corn starch suspension (pH 5.5) was added 2 unlts/g starch of "SPITASE HS", an a-amylase 
specimen commercialized by Nagase Biochemicals, Ltd., Kyoto, Japan, and gelatinized and liquefied under 
stirring and heating conditions. Immediately after that the mixture was autodaved at 120°C for 20 min, cooled 
to 55°C and adjusted to pH 5.0. To the resultant mixture was added 300 units/g starch of a isoamyiase specimen 
35 commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, Japan, and 20 units/g starch of a 
0-amylase specimen commercialized by Nagase Biochemicals, Kyoto, Japan, and subjected to an enzymatic 
reaction for 24 hours to obtain an about 92% maltose solution. The resultant solution was heated at 1 00°C for 
20 min, cooled to 50°C, adjusted to pH 7.0, mixed with the maltose-trehalose converting enzyme prepared in 
the above in an amount of 1.5 untts/g dry weight, and subjected to an enzymatic reaction for 72 hours. There- 
to after, the resultant culture was heated at 95°C for 1 0 min, cooled, and. In usual manner, decolored and filtered 
with an activate charcoal, followed by desalting and purifying the resultant solution with ion exchangers in H- 
and OH-form. The resultant solution was concentrated to obtain a 70% syrup in a yield of about 95%, d.s.b. 
The product contains about 64% trehalose, d.s.b.. and has a low reducing power of DE 1 8.0. as well as having 
a mild sweetness, adequate viscosity and satisfactory moisture-retaining ability. Because of these it can be 
45 arbitrarily used as a sweetener, taste- improving agent, stabilizer, filler, diluent and excipient in a variety of com- 
positions such as food products, cosmetics and pharmaceuticals. 

Example A-1 3 

so A syrup obtained by the method in Example Ar12 was concentrated into an about 80% syrup which was 

then placed in a crystallizer, and. similarly as in Example A-8, crystallized and separated to obtain a high-purity 
hydrous crystalline trehalose in a yield of about 20%, d.s.b. The product exhibits the same physicochemical 
properties similarly as the product in Experiment 23, and can be arbitrarily used similarly as the product in 
Example A-8 as an industrial reagent, industrial material and chemical material in a variety of compositions 

55 such as food products, cosmetics and pharmaceuticals. 
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Example A- 14 

Ase d cultur of Th rmus aquaticus (ATCC 33923) was inoculated in a nutrient culture medium, and cul- 
tured similarly as the method in Experiment 15, followed by centrifuglng the resultant culture to obtain 50g 

5 wet cells having about 1 ,500 un its of a maltose-trehalose converting enzyme activity. The ceils were suspend- 
ed in 100 ml of 2.5% sodium alginate having a viscosity of 300-400 cp, a reagent commercialized by Wako 
Pure Chemical Industries, Ltd., Tokyo, Japan. The resultant slurry was continuously dropped into 0.1M CaCI 2 
solution, which was stirring by a magnetic stirrer, from the height of about 20 cm above the surface of the sol- 
ution to form spherical gels having a diameter of about 2 mm. The gels were allowed to stand in the solution 

10 at ambient temperature for about 2 hours, then filtered with a Buchner funnel to obtain cells immobilized with 
alginate. The immobilized cells were packed in a jacketed-glass column, a diameter of 30 mm and a length of 
200 mm, and heated to 60°C. The column was fed with a downstream of 40% maltose solution (pH 6.5) at SV 
0.2 to obtain an about 66% trehalose solution which was then in usual manner purified, concentrated and spray 
dried to obtain a powder trehalose in a yield of about 90%, d.s.b. The powder has a relatively-low reducing 

15 power and a mild sweetness, and. similarly as the product in Example A-12, this renders it arbitrarily useful 
in a variety of compositions such as food products, cosmetics and pharmaceuticals. 

Example B-1 

20 Sweetener 

To one part by weight of a hydrous crystalline trehalose powder, obtained by the method in Example A-8, 
were homogeneously added 0.01 part by weight of "aG SWEET", an a-glycosyl stevioside product commer- 
cialized by Toyo Sugar Refining Co., Ltd., Tokyo, Japan, and 0.01 part by weight of "ASPARTAME", a product 
25 of L-aspartyl-L-phenyfalanine methylester commercialized by Ajinomoto Co., Ltd.. Tokyo, Japan, and the re- 
sultant mixture was fed to a granulator to obtain a granular sweetener. 

The product has a satisfactory sweetness and an about 2.5-foid higher sweetening power of sucrose, as 
well as having a caloric value as low as about 2/5 of that of sucrose. 

Since the product has a satisfactory stability and does not decompose other sweeteners to be mixed, it 
30 can be suitably used as a low-caloric sweetenerfor low-caloric food products for fat persons and diabetics who 
are restricted to a reduced calorie Intake. 

The product does not substantially form acids and insoluble glucans when dental carries-inducing micro- 
organisms act on It, and this renders it useful for sweetening food products to prevent dental carries. 

35 Example B-2 
Hard candy 

- One hundred parts by weight of 55 w/v % sucrose solution was mixed by heating with 30 parts by weight 
40 of a trehalose syrup, obtained by the method in Example A-1 , and the resultant solution was concentrated in 
vacuo until the moisture content lowered to below 2%. The concentrate was admixed with one part by weight 
of citric acid and adequate amounts of a lemon flavor and a coloring agent, and the resultant mixture was in 
usual manner formed into the desired product 

The product is a high-quality hard candy having a satisfactory taste and biting property, as well as having 
45 no fear of causing crystallization of sucrose. 

Example B-3 

Chewing gum 

so 

Three parts by weight of a gum base was melted by heating until it softened, and the resultant was mixed 
with 3 parts by weight of crystalline maltitoi and 4 parts by weight of a hydrous crystalline trehalose powder 
obtained by the method in Example A-3, and further mixed with adequate amounts of a flavor and a coloring 
agent. The resultant mixture was In usual manner kneaded by a roll, formed and packed to obtain the desired 
55 product. 

The product Is a ch wing gum having a satisfactory texture and taste, and suitably used as a relatively- 
low r substantially no dental carries-inducing ch wing gum. 
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Example B-4 
Powdered juic 

5 Thirty-three parts by weight of a powdered orange juice prepared by spray drying was mixed to homoge- 

neity with 50 parts by weight of a massecuite-type high trehalose content powder obtained by the method in 
Example A-7, 10 parts by weight of sucrose, 0.65 parts by weight of anhydrous citric acid, 0.1 part by weight 
of malic acid, 0.1 part by weight of L-ascorbic acid, 0.1 part by weight of sodium citrate. 0.5 parts by weight of 
pullulan, and an adequate amount of a powdered flavor. The resultant mixture was pulverized and granulated 

10 with a fluidized-bed granulator for 30 min to obtain granules while being sprayed with as a binder a trehalose 
syrup obtained by the method in Example A-6, and ventilated with 40°C air at a flow rate of 1 50 m^ The granules 
thus obtained were weighed and packed to obtain the desired product 

The product containing 30% orange juice, d.s.b., retained its high quality for a relatively-long period of time 
without giving an unsatisfactory taste and smell. 

15 

Example B-5 

Beverage of lactic acid bacteria 

20 One hundred and seventy-five parts by weight of defatted milk powder, 1 30 parts by weight of a trehalose 

syrup obtained by the method in Example A-9, 50 parts by weight of a high lactosucrose powder disclosed in 
Japanese Patent Laid-Open No.281 795/92 were dissolved In 1,150 parts by weight of water, and the solution 
was sterilized by heating it at 65°C for 30 min, cooled to 40°C, mixed in usual manner with 30 parts by weight 
of lactic acid bacteria as a starter, and incubate at 37°C for 8 hours to obtain the desired product with a satis- 

25 factory taste and flavor. Since the product contains oligosaccharides, it stably retains the lactic acid bacteria 
as well as promoting the growth. 

Example B-6 

30 Custard cream 

One hundred parts by weight of corn starch, 1 00 parts by weight of a trehalose syrup obtained by the meth- 
od in Example A-6, 80 parts by weight of maltose, 20 parts by weight of sucrose, and one part by weight of 
salt were sufficiently mixed. The mixture was admixed with 280 parts by weight of egg, and gradually mixed 
35 with 1 ,000 parts by weight of a boiling milk. The resultant mixture was continued stirring under heating con- 
ditions, and the heating was stopped when the corn starch in the mixture was completely gelatinized to show 
the whole contents semitransparent, followed by cooling the resultant and adding thereto an adequate amount 
of a vanilla flavor. The resultant mixture was weighed. Injected and packed to obtain the desired product 

The product has a smooth surface and gloss as well as a mild taste and sweetness. 

40 

Example B-7 

"Uiro~no-moto m (premix of sweet rice jelly) 

45 An uiro-no-moto was prepared by homogeneously mixing 90 parts by weight of rice powder with 20 parts 

by weight of corn starch, 40 parts by weight of sucrose, 80 parts by weight of a massecuite-type hydrous crys- 
talline trehalose obtained by the method in Example A-11, and 4 parts by weight of pullulan. The product was 
kneaded with water and an adequate amount of matcha (powdered tea), and the resultant mixture was placed 
in a container and steamed up for 60 min to obtain an uiro. The product has a satisfactory gloss, biting property, 

so flavor and taste, as well as having a relatively-long shelf life because the retrogradation of the starch contained 
therein is well inhibited. 

Example B-8 

55 Powdery peptide 

On part by weight of "HINUTE S", a peptide solution containing 40% edibl soy beans commercialized 
by Fuji Oil Co., Ltd., Tokyo, Japan, was mix d with 2 parts by weight of a hydrous crystalline trehalose prepared 
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by th method in Example A-10, and the resultant mixtur was placed in a plastic v ss I, dri d in vacuo at 
50°C, and pulv rized t obtain a powdery p ptide. Th product having a satisfactory tast and flavor can be 
arbitrary us d as a mat rial for confectioneries such as premixes, sherb ts and ice cr ams, as well as baby 
foods and nutrition for therapy in the form of an oral or an intubation feeding. 

5 

Example B-9 
Powdered miso 

10 To one part by weight of akamiso (a kind of miso) was added 3 parts by weight of a powdery anhydrous 

crystalline trehalose obtained by the method in Example A-4, and the mixture was poured into a metal plate 
having hemisphere wells on its surface and allowed to stand at ambient temperature overnight to obtain miso 
solids, about 4 g weight each, which were then subjected to a pulverizer to obtain the desired product. 

The product can be arbitrarily used as a seasoning for instant noodles and soups, as well as a miso con- 

15 fectionery. 

Example B-10 
Powdery egg yolk 

20 

Egg yolks prepared from fresh eggs were sterilized at 60-64°C by a plate heater, and one part by weight 
of the resultant liquid was mixed with 4 parts by weight of a powdery anhydrous crystalline trehalose prepared 
by the method in Example A-4 with respect to one part by weight of the liquid. The resultant mixture was trans- 
ferred to a vessel, allowed to stand overnight to form a block while the anhydrous crystalline trehalose was 
25 allowing to convert into hydrous crystalline trehalose. The block thus obtained was pulverized by a cutter to 
obtain a powdery egg yolk. 

The product can be arbitrarily used as a material for confectioneries for premixes, sherbets, ice creams 
and emulsifiers, as well as baby foods and nutrition for therapy in the form of an oral or an intubation feeding. 
The product can be also used as a skin refiner and hair restorer. 

30 

Example B-11 
An (beans paste) 

35 Ten parts by weight of adzuki beans as a material was in usual manner mixed with water and boiled, fol- 

lowed by removing the astringency, harshness of the beans, and water-soluble impurities to obtain about 21 
parts by weight of "adzuki-tsubu-nama-an". To the resultant were added 14 parts by weight of sucrose, 5 parts 
by weight of a trehalose syrup obtained by the method in Example A-12, and 5 parts by weight of water, and 
the resultant mixture was boiled, mixed with a small amount of salad oil, and carefully kneaded up so as not 

40 to paste the beans. Thus, about 35 parts by weight of the desired product was obtained. 

The product is free from discoloration induced by boiling and has a satisfactory taste and flavor, and these 
render it useful as a material of an for bean-jam buns, buns with bean-jam filling, dumplings, bean-jam-f ilted 
wafers, sherbets and ice creams. 

45 Example B-12 

Bread 

One hundred parts by weight of wheat powder, 2 parts by weight of yeast, 5 parts by weight of sugar, one 
50 part by weight of a powdery hydrous crystalline trehalose obtained by the method in Example A-14, 0.1 part 
by weight of inorganic yeast food were kneaded with water in usual manner, fermented at 26°C for 2 hours, 
aged for 30 min and baked up. 

The product is a high-quality bread having a satisfactory hue and rising, as well as a satisfactory elasticity 

and mild sweetness. 

55 
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Example B-13 
Ham 

5 To one thousand parts by weight of sliced ham meat were added and ground to homogeneity 1 5 parts by 

weight of salt and 3 parts by weight of potassium nitrate, and the ham meat slices were piled up and allowed 
to stand overnight in a cold-storage room. Thereafter, the resultant slices were first soaked for 7 days in a cold- 
storage room in a salt solution consisting of 500 parts by weight of water, 1 00 parts by weight of salt, 3 parts 
by weight potassium nitrate, 40 parts by weight of a hydrous crystalline trehalose powder prepared by the meth- 

10 od in Example A-3, and an adequate amount of a peppermint, washed with cold water in usual manner, tied 
up with a string, smoked, cooked, cooled and packed to obtain the desired product 
The product is a high-quality ham having a satisfactory hue, taste and flavor. 

Example B-14 

15 

Sweetened condensed milk 

In 100 parts by weight of a fresh milk as a material were dissolved 3 parts by weight of a trehalose syrup, 
obtained by the method in Example A-5, and one part by weight of sucrose, and the mixture was sterilized by 
20 heating it with a plate heater, condensed into 70% syrup, d.s.b., which was then asepticaliy caned to obtain 
the desired product. 

Since the product has a mild sweetness and flavor, it can be arbitrarily used as a seasoning for foods for 
infants and children, fruits, coffee, cocoa and tea. 

25 Example B-15 

Cosmetic cream 

Two parts by weight of polyoxyethylene glycol monostearate, 5 parts by weight of glyceryl monostearate, 
30 self-emulsifying, 2 parts by weight of a massecuite-type high trehalose content powder obtained by the method 
In Example A-7, one part by weight of a-glycosyl rutin, one part by weight of liquid petrolatum. 10 parts by 
weight of glyceryl tri-2-ethylhexanoate, and an adequate amount of an antiseptic were in usual manner dis- 
solved by heating. The resultant solution was admixed with 2 parts by weight of L-lactic acid, 5 parts by weight 
of 1,3-butylene glycol and 66 parts by weight of refined water, and the resultant mixture was emulsified by a 
35 homogenizer and admixed with an adequate amount of a flavor under stirring conditions to obtain a cosmetic 
cream. 

The product having a relatively-high stability can be arbitrarily used as a high-quality sunscreen, skin- 
refining agent and skin-whitening agent. 

40 Example B-16 

Powdery ginseng extract 

A half part by weight of ginseng extract was mixed with 1.5 parts by weight of an anhydrous crystalline 
45 trehalose powder prepared by the method in Example A-4, and the resultant mixture was transferred to a plain 
container, allowed to stand for 2 days to convert anhydrous crystalline trehalose into hydrous crystalline tre- 
halose and to form a block, followed by pulverizing the block by a cutter and classifying the resultant into a 
powdery ginseng extract. 

The product and adequate amounts of powdery vitamins B1 and B2 were subjected to a granulator to obtain 
so a powdery ginseng extract containing vitamins. 

The product thus obtained can be arbitrarily used as a tonic, fatigue-relieving agent and vitality-imparting 
agent. The product can be also used as a hair restorer. 

Example B-1 7 

55 

Solid pharmaceutical 

A natural human interferon-ct preparation, produced by Hayashibara Biochemical Laboratori s, Inc., 

40 
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Okayama, Japan, and commercializ d by Cosmo Bio, Tokyo, Japan, was in usual manner fed to a column of 
an immobiliz d anti-human interferon-a antibody to adsorb the interfer n-a. and a buffer containing calf serum 
aibumin as a stabilizerwas fed to the column, followed by removing an xcessive amount of the albumin. There- 
after, the interferon-a was eluted from the column with a physiological saline containing 5% of a high trehalose 

5 content powder, prepared by the method in Example A-2, while the pH of the physiological saline was varying. 
The resultant eluate was membrane filtered, and the filtrate was dehydrated by the addition of about 20-fold 
volumes of "FINETOSE®**, an anhydrous crystalline maltose powder commercialized by Hayashibara Shoji, 
Inc., Okayama, Japan, followed by pulverizing the resultant dehydrated product, and tabletting the resultant 
powder by a tabletting machine to obtain tablets containing about 150 units of the natural human interferon- 

10 a per tablet, about 200 mg weight. 

The product can be orally administered as a sublingual tablet to patients at a dose of 1 -1 0 tablets/aduit/day , 
and arbitrarily used to treat viral diseases, allergys, rheumatisms, diabetes and malignant tumors. More par- 
ticularly, the product can be suitably used as a therapeutic agent for AIDS and hepatitis, the number of patients 
suffering from these diseases has been remarkably increased. The trehalose and maltose incorporated in the 

15 product act as a stabilizer for the natural human interferon-a, so that the activity will be well retained for a rel- 
atively-long period of time even at ambient temperature. 

Example B-18 

20 Sugar coated tablet 

A crude tablet as a core, 150 mg weight, was coated with a solution consisting of 40 parts by weight of a 
powdery hydrous crystalline trehalose obtained by the method in Example A-3, 2 parts by weight of pullulan 
having an average molecular weight of 200.000, 30 parts by weight of water, 25 parts by weight of talc, and 3 
25 parts by weight of titanium oxide until the total weight reached to about 230 mg, and the resultant was further 
coated with a solution consisting of 65 parts by weight of a fresh preparation of the same powdery hydrous 
crystalline trehalose, one part by weight of pullulan. and 34 parts by weight of water, and glossed with a liquid 
wax to obtain a sugar coated tablet having a satisfactory gloss and appearance. 

The product has a relatively-high shock tolerance and retains its high quality for a relatively-long period 
30 of time. 

Example B-19 

Dentifrice 

35 

A dentifrice was prepared in usual manner by mixing the following ingredients: 



Calcium monohydrogenphosphate 45.0% 

40 



45 



so 
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Pullulan 2.95% 

Sodium lauryl sulfate 1.5% 

Glycerine 20.0% 
Polyoxyethylene soxbitan laurate 0.5% 

Antiseptic 0.05% 

Powdery hydrous crystalline 12.0% 
trehalose prepared by the 
method in Example A- 14 

Maltitol 5.0% 

Water 13.0% 



The product is satisfactorily used as a dentifrice for infants because it has an adequate sweetness. 
Example B-20 

Solid preparation for intubation feeding 

A composition consisting of the following compositions was prepared: Five hundred parts by weight of a 
hydrous crystalline trehalose prepared by the method in Example A-8, 270 parts by weight of powdered egg 
yolk, 209 parts by weight of defatted milk, 4.4 parts by weight of sodium chloride, 1.8 parts by weight of po- 
tassium chloride, 4 parts by weight of magnesium sulfate, 0.01 part by weight of thiamine, 0.1 part by weight 
of sodium ascorbate, 0.6 parts by weight of vitamin E acetate, and 0.04 parts by weight of nicotinamide. Twenty- 
five g aliquots of the composition were injected into moisture-proof laminated small bags and heat sealed to 
obtain the desired product. 

One bag of the product is dissolved in about 150-300 ml of water into a fluid food, and orally or parenterally 
administered to nasal cavity, stomach or intestine by intubation feeding to supplement energy to living bodies. 

Example B-21 
Hyperalimentation 

A high-purity hydrous crystalline trehalose, prepared by the method in Example A-10, was dissolved in 
water into an about 10 w/v % aqueous trehalose solution which was then in usual manner membrane filtered 
to remove pyrogen, aseptically injected into a plastic bottle, and sealed to obtain the desired product 

The product, which is a satisfactorily stable hyperalimentation substantially free of change on standing, 
is suitable for intravenous- and intra peritoneal-administrations. A 10 w/v % solution of the product is isotonic 
to blood, and this means it can supplement energy to living bodies at 2-fold higher concentration than in the 
case of glucose. 

Example B-22 

Hyperalimentation 

A high-purity hydrous crystalline trehalose, prepared by the method in Example A-13, and an amino acid 
composition consisting of the following components were dissolved by stirring in water to give respective con- 
centrations of 5 w/v % and 30 w/v %, and, similarly as in Example B-10 the resultant solution was purified to 
obtain a pyrogen-free solution, followed by injecting it into a plastic bottle and sealed to obtain the d sired 
product. 
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Compon nts of amino acid composition 


Component 


mg/100 ml 


L-lsoJeucine 


180 


L- Leucine 


410 


L- Lysine monohydrochloride 


620 


L-Methionine 


240 


L- Phenyl alanine 


290 


L-Threonine 


180 


L-Tryptophane 


60 


L-Valine 


200 


L-Arglnfne hydrochloride 


270 


L-Histidine monohydrochloride 


130 


Glycine 


340 



Although the product is a multiple hyperalimentation containing trehalose and amino acids, it is satisfac- 
torily stable without substantial change on standing and can be suitably administered intravenously and intra- 
peritoneally to living bodies. The product can be arbitrarily used to supplement energy as well as amino acids 
to living bodies. 



Example B-23 

Ointment for treating trauma 

Two hundred parts by weight of a high trehalose content powder, prepared by the method in Example A- 
2, and 300 parts by weight of maltose were admixed with 50 parts by weight of methanol solution containing 
3 parts by weight of iodine, and the resultant solution was mixed with 200 parts by weight of a 10 w/v % aqueous 
pullulan solution to obtain the desired product having a satisfactory extensibility and adhesiveness. 

The iodine contained in the product exerts a bactericidal activity, and the trehalose in the product acts as 
an energy-supplementing agent on viable cells, and because of these the product shortens a healing period 
and satisfactorily heals a wound surface. 

As is evident from above, the present novel maltose-trehalose converting enzyme converts maltose into 
trehalose in a satisfactorily-high yield. The present trehalose and saccharide composition containing the same 
obtained by the present enzymatic reaction have a relatively-high stability and quality as well as a delightful 
sweetness. They are assimilated, absorbed and used by living bodies as an energy source when orally admin- 
istered. Therefore, they can be arbitrarily used as a sweetener, taste-improving agent, quality-improving agent, 
stabilizer, excipient, diluent and filler In a variety of compositions such as food products, cosmetics and phar- 
maceuticals. 

Thus, the establishment of the present invention is to provide a novel technique to prepare trehalose from 
maltose which is preparable from starch as a cheap and substantially abundant natural source, and to prepare 
a saccharide composition containing the trehalose in an industrial-scale and a relatively-low cost. Therefore, 
the present invention has an unfathomably great influence on the fields such as starch-, enzyme- and biochem- 
ical-sciences, and other industrial fields, especially, food-, cosmetic- and pharmaceutical-industries, as well 
as forestry, fisheries, and agricultural-, livestock- and chemical-industries. Thus, the influence of the present 
invention on the fields is unfathomably great. 

While there has been described what is at present considered to be the preferred embodiments of the in- 
vention, it will be understood the various modifications may be made therein, and it is intended to cover in the 
appended claims all such modifications as fall within th true spirits and scope of the invention. 
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4. 

5. 



25 



30 



1. Arnaltose-trehalos converting enzyme. 

(2) Isoelectric point (pi) 
„ ' nh,b " MI *"'»"«C u -.50mMTO s .HCll> u lfc r . 

(1) Trp-X^Afg-Xj-Ala-Xa-Phe 

(where "X," means -Phe" or "Pro" • "V - i-hr- «. „ 

(2) Ala- Val^-Tyr ' * 2 ' Thr ^ or Pro " and "X3". "Vtf or "Ala"); and 
(where "X*" means "Phe" or "He") 

A process for preparing the enzyme of claim 1. comprisfno- 
£ Z — — — Ct. capable * ^ „. ^ „ ^ 

(b) recovering the enzyme from the resultant culture. 

9 a^h, . w-WS) and Pseudomonas putina H 262 (FERM BP-4579) 

11- The process in accordance with claim mi. 

12. Jhe process in accordance with claim 10 or u 

halose or anhydrous crystalline trehaTose Mid treha,ose is crystalline tre- 

13. A process for preparing trehalose, comprising- 

(c) recovenng the purified trehalose. 

14 ' C ° nteinS 8 Step ». solution 

so,t,on to column chromatography using 

15. The process in accordance with claim 13 or <4* im ha a, . 
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zyme. 



16. The process in accordance with any on of claims 13 to 15, wh rein said trehalose is hydrous crystalline 
trehalose or anhydrous crystalline trehalose. 

17. A food product which contains a saccharide composition prepared by the process of any one of claims 
10 to 12. 

1 8. A cosmetic composition which contains a saccharide composition prepared by the process of any one of 
claims 10 to 12. 

19. A pharmaceutical composition which contains a saccharide composition prepared by the process of any 
one of claims 10 to 12. 

20. The pharmaceutical composition in accordance with claim 19, which is directed to supplement energy to 
living bodies. 

21. A food product which contains trehalose prepared by the process of any one of claims 13 to 16. 

22. Acosmetic composition which contains trehalose prepared by the process of any one of claims 13 to 16. 

23. A pharmaceutical composition which contains trehalose prepared by the process of any one of claims 13 
to 16. 

24. The pharmaceutical composition in accordance with claim 23, which is directed to supplement energy to 
living bodies. 
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FIG. 7 
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FIG , 12 
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